Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


lyGOOgIC 


I 


lyGOOgIC 


,gti7cdT:G00glc 


lyGOOgIC 


THE  BRIDGEWATER  TREATISES 

ON  THE  POWER  WISDOM  AND  SOODNESS  OF  GOO 
AS  MANIFESTED  IN  THE  CREATION 


TREATISE  V 

ANHUL  and  vegetable  PHVIBIOLOOV  COmiDERED 

WITH  REFERENCE  TO  NATURAL  THEOLOGY 

BY  PETER  MARK  ROOET.  M.  D. 

m  TWO  VOLUMES 
VOL  II 


lyGOOgIC 


t,  wn  n  u  THi  ••■■  Cvu 


lyGOOgIC 


ANIMAL  AND  VEGETABLE  PHYSIOLOGY 

CONSIDERED    WITH    REFERENCE   TO 

NATURAL  THEOLOGY 

BY 

PETER  MARK   ROGET,  M.D. 


A'ir      ^iJ-iV 


LONDON 

WILLIAM  PICKERING 
1834 


t:  Go  Ogle 


C:  A 


^  b^  (o(f. 


,gti7cdT'G00glC 


CONTENTS 
OP  THE  SECOND  VOLUME. 


PART  II.— THE  VITAL  FUNCTIONS. 

CHAPTia  I. — ObISCTS  of  NlTTKlTIOlr     I 

Chaptir  H. — Ndtkitiom  in  Vbgitaslks  15 

^1.  FoodofPlanU    15 

2.  Abaoqition  of  NutrimeDt  by  PUnIa    19 

3.  Exhalation 27 

4.  Aemtion  of  the  Sap    29 

5.  Retnni  of  the  Si^ 36 

6.  Secretion  in  Vegetables 45 

7.  EscretioD  in  Vegetables 51 

Chaptbr  hi. — Ahiiial  Nittkitior  ik  gbitesai, 57 

^  1.  Food  of  Animals 57 

2.  Series  of  Vital  Functions    69 

Cbaptkr  IV. — NvTaiTiOR  ih  thk  lower  orders  op 

Ahimals   74 

Chapter  V.— Notritior  in  the  higher  orders  op 

AiriHALS    104 

Chapter  VI — Preparation  op  Food 1 13 

S  1.  Prehension  of  Liquid  Food 113 

2.  Prehension  of  Solid  Food  117 

3.  MsBtication  by  means  of  Teeth 140 


lyGOOgIC 


VI  CONTENTS. 

4.  Formatioii  and  DeTclopement  of  the  Teeth  ..  155 

5.  Trituntion  of  Food  in  Internal  Cavities 167 

6.  Deglutition 174 

7.  Receptacles  for  retaining  Food 17S 

Chapter  VI!.— Dioebtiok ISO 

Chapter  VIII.— CHTLiricATioK    203 

CiiAFTEK  IX. — Lacteal  Abiorption    226 

Chapter  X. — Circdlatiom    229 

\  1.  DiSiued  Circulation    229 

2.  Vaxcular  Circulation   '. 235 

3.  Respiratory  Circulation  285 

4.  Distribution  of  Blood  Vessels. 261 

Chapter  XL— Respiration    290 

()  1 .  Respiration  in  general 290 

2.  Aquatic  respiration , 293 

3.  Atmospheric  Respiration 310 

4.  Chemical  Changes  effected  by  Respiration    ..  333 

Chapter  XII. — Secretion 342 

Chapter  XIII. — Absorption 351 

Chapter  XIV. — Nervous  Power 354 


PART  III.— THE  SENSORIAL  FUNCTIONS. 

Chapter  I. — Sensation 

Chapter  II. — ^TotJCH    

Chapter  [II.— Taste    


lyGOOgIC 


CONTENTS.  VII 

Chaptbb  IV.— Smell  396 

Chapter  V.— Heabikg    414 

^  1 .  Acouftic  Principles 414 

2.  Phyaioli^  of  Hearing  in  Han   420 

3.  Coraparative  Physiolc^  of  Hearing 434 

Chaptee  VI.— Vision 444 

^  I.  Object  of  the  Sense  of  Vision     444 

2.  Modes  of  accomplishing  the  objects  of  Vision     449 

3.  Structure  of  the  Eye  460 

4.  Physiology  of  Perfect  Vision 469 

5.  Compaiatire  Pbysicdogy  of  Vision 477 

Chapter  VII.— Perception    ;....  508 

Chapter  VIII. — Cohfaratite  Phtsioloot   op  the 

Nervous  System 537 

^  1.  NervonsSystemoflnvertebrated  Animals....  537 

2.  NeiTOUB System  of  Vertebrated  Animals   ....  553 

3.  Functions  of  the  Bnun   661 

4.  Comparative  Physiology  of  Perception 566 


PART  IV.— THE  REPRODUCTIVE  FUNCTIONS. 

Chapter  I. — Reproduction   581 

Cbapter  II. — Organic  Developshint 599 

Chapter  III.— Decline  or  the  System 619 

Chapter  IV. — Unity  of  Dbbioh 625 


Index  . 


.   643 


t:  Go  Ogle 


lyGOOgIC 


ANIMAL  AND  VEGETABLE 
PHYSIOLOGY. 


PART  IL 

THE  VITAL  FUNCTIONS. 


OBJECTS  OP  NUTRITION. 

The  mechanical  structure  and  properties  of  the 
oi^;anized  fabric,  which  have  occupied  our  atten- 
tion in  the  preceding  volume,  are  necessary  for 
the  maintenance  of  life,  and  the  exercise  of  the 
vital  powers.  But  however  artificially  that  fabric 
may  have  been  constructed,  and  however  admi- 
rable  the  skill  and  the  foresight  that  have  been 
displayed  in  ensuring  the  safety  of  its  elaborate 
mechanism,  and  ia  preserving  the  harmony  of 
its  complicated  movements,  it  yet  of  necessity 
contains  within  itself  the  elements  of  its  own  dis- 
solution.   The  animal  machine,  in  cmnmoa  with 
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ev^y  other  mechanical  contrivance,  is  subject 
to  wear  and  deteriorate  by  constant  use.  Not 
only  in  the  greater  movements  of  the  limbs,  but 
also  in  the  more  delicate  actions  of  the  internal 
oi^ns,  vre  may  trace  the  operation  of  many 
causes  inevitably  leading  to  their  ultimate  des- 
truction. Continued  friction  must  necessarily 
occasion  a  loss  of  substance  in  the  harder  parts 
of  the  frame,  and  evaporation  is  constantly  tending 
to  exhaust  the  fluids.  The  repeated  actions  of 
the  muscles  induce  certain  changes  in  these 
organs,  both  in  their  mechanical  properties  and 
chemical  composition,  which  impair  their  povrers 
of  contraction,  and  which,  if  suffered  to  continue, 
would,  in  no  long  time,  render  them  incapable 
of  exercising  their  proper  functions ;  and  the 
same  observation  applies  also  to  the  nerves,  and 
to  all  the  other  systems  of  organs.  Provision 
must  accordingly  be  made  for  remedying  these 
constant  causes  of  decay  by  the  supply  of  those 
peculiar  materials,  irtiich  the  o^;ans  require  for 
recruiting  their  declining  energies. 

It  is  obvious  that  the  developement  of  the 
organs,  and  general  growth  of  the  body,  must 
imply  the  continual  addition  o£  new  particles 
from  foreign  sources.  Oi^fanic  increase  cmisiats 
not  in  the  mere  expansion  of  a  texture  previously 
condensed,  and  the  filling  up  of  its  interstices 
by  inorganic  matter ;  but  tlie  new  materials  that 
are  added  must,  for  this  purpose,  be  incorporated 
with  those  which  previously  existed,  and  become 
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ideDtified  with  the  liriDg  snbMaDce.  Thus  we 
often  find  structures  fonning  in  the  bodies  of 
animals  of  a  nature  totally  difierent  from  that  <^ 
the  part  from  which  they  arise. 

In  addition  to  these  demands,  a  store  of  mate- 
rials is  also  wanted  for  the  reparation  of  occa- 
sional injuries,  to  which,  in  the  course  of  its  long 
career,  the  body  b  unavoidably  exposed.  Like 
a  ship  fitted  out  for  a  long  voyage,  and  fortified 
against  the  various  dangers  of  tempests,  of  ice- 
bergs, and  of  shoals,  the  animal  system,  when 
launched  into  existence,  should  be  provided  with 
a  store  of  such  materials  as  may  be  wanted  for 
the  repair  of  accidental  loss^,  and  shoidd  also 
contain  within  itself  the  latent  source  of  those 
energies,  which  may  be  called  into  acticm  when 
demanded  by  the  exigencies  of  the  occasion. 

Any  one  of  the  circumstances  above  enume- 
rated would  of  iteelf  be  sufficient  to  establish  the 
necessity  of  supplies  of  nourishment  for  the 
maintenance  of  life.  But  there  are  other  consi- 
derations, equally  important  in  a  physiological 
point  of  view,  and  derived  fit)m  the  essential 
nature  of  oi^nization,  which  also  produce  a 
continual  demand  for  these  supplies ;  and  these 
I  shall  now  endeavour  briefly  to  explain. 

Constant  and  progressive  change  appears  to 
be  one  of  the  leading  characteristics  of  life ;  amd 
the  materials  which  are  to  be  endowed  with  vi- 
tality must  therefore  be  selected  and  arruiged 
with  a  view  to  their  continual  modification,  cor- 
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responding  to  these  ever  varying  changee  of  con- 
dition. The  artificer,  whose  aim  is  to  construct 
a  machine  for  permanent  use,  and  to  secure  it  as 
much  as  possible  from  the  deterioratimi  arising 
from  friction  or  other  cases  of  injury,  would,  of 
course,  make  choice  for  that  purpose  of  the  most 
hard  and  durable  materials,  such  as  the  metals, 
orthe  denser  stones.  In  constructing  a  watch,  for 
instance,  he  would  form  the  wheels  of  brass,  the 
spring  and  the  barrel-chain  of  steel ;  and  for  the 
pivot,  where  the  moticm  is  to  be  incessant,  he 
would  employ  the  hardest  of  all  materials, — the 
diamond.  Such  a  machine,  once  finished,  being 
exempt  from  almost  every  natural  cause  of  decay, 
might  remain  for  an  indefinite  period  in  the 
same  state.  Far  different  are  the  objects  which 
must  be  had  in  view  in  the  formation  of  oi^nized 
structures.  In  order  that  these  may  be  qualified 
for  exercising  the  fimctions  of  life,  they  must  be 
capable  of  continual  alterations,  displacements, 
and  adjustments,  varying  perpetually,  both  in 
kind  and  in  degree,  according  to  the  progressive 
stages  of  their  internal  developement,  and  to  the 
different  circumstances  which  may  arise  in  their 
external  condition.  The  materials  which  nature 
has  employed  in  their  construction,  are,  there- 
fore, neither  the  elementary  bodies,  nor  even 
their  simpler  and  more  permanent  combinations; 
but  such  of  their  compounds  as  are  of  a  more 
plastic  nature,  and  which   allow  of  a  variable 
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prop(»tioii  of  ingredients,  and  of  great  diverskjr 
in  the  modes  of  their  combination.  So  great  is  the 
complexity  of  these  arrangements,  tliat  althou^ 
chemiBtry  is  fiilly  competent  to  the  analysis  of 
organized  substances  into  their  ultimate  elements^ 
no  human  art  is  adeqi^te  to  effect  their  reunion 
in  the  same  state  as  that  in  which  thiey  had 
existed  in  those  substances;  for  it  was  by  the 
refined  operations  of  vitality,  the  only  power  that 
could  produce  this  adjustment,  that  th^  have 
Jbeen  brought  ioto  that  condition. 

We  may  take  as  an  example  one  of  the  simplest 
of  organic  products,  namely  Sugar ;  a  substance 
which  has  been  analysed  with  the  greatest  accu- 
racy by  modern  chemists  :  yet  to  reproduce  this 
sugar,  by  the  artificial  combination  of  its  simple 
elements,  is  a  problem  that  has  hitherto  baffled 
all  the  efforts  of  philosophy.  Chemistry,  not- 
withstanding the  proud  rank  it  justly  holds  among 
the  physical  sciences,  and  the  noble  discoveries 
with  which  it  has  enriched  the  arts ;  notwith- 
standing it  has  unveiled  to  us  many  of  the  secret 
i^raticms  of  nature,  and  placed  in  our  hands 
^ome  of  her  most  powerful  instruments  for  acting 
.upon  matter;  and  notwithstanding  it  is  armed 
with  lull  powers  to  destroy^  cannot,  in  uiy  one 
organic  product,  rejoin  that  which  has  been  once 
deseveated.  Through  the  medium  of  chemistry 
we  are  enabled,  perhaps,  to  form  some  estimate 
of  the  value  of  what  we  find  executed  by  oUier 
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agencies ;  but  the  imitation  of  the  model,  evea 
in  the  smallest  part,  is  far  beyond  our  power. 
No  means  which  the  laboratory  can  supply,  no 
process,  which  the  most  inventive  chemist  can 
devise,  have  ever  yet  approached  those  delicate 
and  refined  operations  which  nature  silently  con* 
ducts  in  the  organized  texture  of  living  plants 
and  animals. 

The  elements  (^  oi^nic  substances  are  not 
very  numerous ;  the  principal  of  them  being 
oxygen,  carbon,  hydrogen,  nitrogen,  sulphur, 
and  phosphorus,  ti^ether  with  a  few  of  the  alka- 
line, earthy,  and  metallic  bases.  These  sub' 
stances  are  variously  united,  so  as  to  form  cer- 
tain specific  compounds,  which,  although  they 
are  susceptible,  in  different  instances,  of  endless 
modifications,  yet  possess  such  a  general  cha- 
racter of  uniformity,  as  to  allow  of  their  being 
arranged  in  certain  classes ;  the  most  character- 
istic substance  in  each  class  constituting  what  is 
called  a  proximate  organic  principle.  Thus  in 
the  vegetable  kingdom  we  have  Lignin,  Tannin^ 
Mucilage,  Oil,  Sugar,  Fecnla,  &c.  The  animal 
kingdom,  in  like  manner,  furnishes  Oelatin, 
Alhtenen,  Fibrin,  Mucus,  Entomoline,  Elearin, 
Stearin,  and  many  others. 

The  chemical  constitution  of  these  oi^anic 
products,  formed,  as  they  are,  of  but  few  pri- 
mary elements,  is  strikingly  contrasted  with 
that  of  the  bodies  belonging  to  the  mineral 
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kin^om.  The  catalogue  of  elemeDttoy,  or 
umple  bodies,  existing  in  nature,  is,  indeed, 
more  extensive  than  the  list  of  those  which 
enter  into  the  composition  of  animal  or  vege- 
table substances.  But  in  the  mineral  world 
they  occur  in  umpler  combinations,  resolvable, 
for  the  most  part,  into  a  few  definite  ingrediente, 
which  rarely  comprise  more  than  two  or  three 
elements.  In  organized  products,  on  the  other 
hand,  although  the  total  number  of  existing 
elements  may  be  smaller,  yet  the  mode  of  com* 
bination  in  each  separate  compound  is  infinitely 
more  ccnnplex,  and  presents  incalculable  diver- 
sity. Simple  binary  compounds  are  rarely  ever 
met  with ;  but,  in  place  of  these,  we  find  three, 
four,  five,  or  even  a  greater  number  of  const!' 
tuent  elements  existing  in  very  complicated 
states  of  union. 

This  peculiar  mode  of  combination  gives  rise 
to  a  remarisable  condition,  which  attaches  to 
the  chemical  properties  of  organic  compounds. 
The  attractive  forces,  by  which  their  several 
ingredients  are  held  together,  being  very  nume- 
rous, require  to  be  much  more  nicely  balanced, 
in  order  to  retain  them  in  combinatioD.  Slight 
causes  are  sufficient  to  disturb,  or  even  overset, 
this  equipoise  of  affinities,  and  often  produce 
r^id  changes  of  form,  or  even  complete  decom- 
position. The  principles,  thus  retained  in  a 
kind  of  forced  union,  have  a  cmutant  tendency 
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to  react  upon  one  another,  and  to  produce,  from 
slight  variationB  of  circumstances,  a  totally  new 
order  of  eonibinati<His.  Thus  a  d^;ree  of  heat, 
which  would  occasion  no  change  in  most  mineral 
substances,  will  at  once  effect  the  complete  dis- 
union of  the  elements  of  an  animal  or  vegetable 
body.  Organic  substances  are,  in  like  manner, 
unable  to  resist  the  slower,  but  equally  destnic- 
tive  agency  of  water  and  atmospheric  air ;  and 
they  are  also  liable  to  various  spontaneous 
changes,  such  as  those  constituting  fermentation 
and  putrefaction,  which  occur  when  their  vitality 
is  extinct,  and  when  they  are  consequently 
abandoned  to  the  uncontrolled  operation  of  their 
natural  chemical  affinities.  This  tendency  to 
decomposition  may,  indeed,  be  regarded  as 
inherent  in  all  oi^nized  substances,  and  as 
requiring  for  its  counteraction,  in  the  living 
system,  that  perpetual  renovation  of  materials 
which  is  supplied  by  the  powers  of  nutrition. 

It  would  appear  that  during  the  continuance 
of  life,  the  pn^ress  of  decay  is  arrested  at  its 
very  commencement;  and  that  the  particles, 
which  first  undei^o  changes  unfitting  them  for  the 
exercise  of  their  functions,  and  which,  if  sufficed 
to  remain,  would  accelerate  the  destructicm  of 
the  adjoining  parts,  are  immediately  removed, 
and  their  place  supplied  by  particles  that  have 
been  modified  for  that  purpose,  and  which, 
when  they  afterwards  lose  these  salutary  pro- 
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perties,  are  in  their  turn  discarded  and  replaced 
by  others.  H^ice  the  continued  interchange 
and  renewal  of  particles  which  take  place  in 
the  more  active  organs  of  the  system,  especially 
in  tJie  higher  classes  of  animals.  In  the  iabric 
of  those  animals  which  possess  an  extensive 
system  of  circulating  and  absorbing  vessels,  the 
changes  that  are  e£fected  are  so  considerable  and 
so  rapid,  that  even  in  the  densest  textures,  such 
as  the  bones,  scarcely  any  portion  of  the  sub- 
stance which  originally  composed  them  is  per- 
manently retained  in  their  structure.  To  so 
great  an  extent  is  this  renovation  of  materials 
carried  on  in  the  human  system,  that  doubts 
may  v@ry  reasonably  be  entertained  as  to  the 
identity  of  any  portion  of  the  body  after  the 
lapse  of  a  certain  time.  The  period  assigned  by 
the  ancients  for  this  entire  change  of  the  sub- 
stance of  the  body  was  seven  or  eight  years :  but 
modem  inquiries,  which  show  us  the  rapid  re- 
paration that  takes  place  in  injured  parts,  and 
the  quick  renewal  of  the  bones  themselTes,  tend 
to  prove  that  even  a  shorter  time  than  this  is 
adequate  to  the  complete  renovation  of  every 
poition  of  the  living  fabric* 

Imperfect  as  is  our  knowledge  of  organic 
chemistry,  we  see  oiough  to  convince  us  that  a 

•  See  the  article  "Age"  in  the  Cyclopeedia  of  Practical 
Hadidne,  where  I  have  eiilaq;ed  opon  this  wbject. 
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serieB  <^  the  moat  refined  and  artificial  opera- 
tions is  required  in  order  to  bring  about  the  com- 
plicated wad  elabor^e  arrangements  of  elements 
which  constitute  both  animal  and  T^etable 
products.  Thus  in  the  very  outset  of  this,  as  of 
every  other  inquiry  in  Physiology,  we  meet  with 
evidences  of  profound  intention  and  consummate 
art,  infinitely  surpassing  not  only  the  power  and 
resources,  but  even  the  imagination  of  man. 

Much  as  the  elaborate  and  harmonious  me- 
chanism of  an  animal  body  is  fitted  to  excite  our 
admiration,  there  can  be  no  doubt  that  a  more 
extended  knowledge  of  that  series  of  subtle  pro- 
cesses, consisting  of  chemical  combinations  and 
decompositions  which  are  continually  going  on 
in  the  organic  laboratory  of  Uving  beings,  would 
reveal  still  greater  wonders,  and  would  fill  us 
with  a  more  fervent  admiration  of  the  infinite 
art  and  prescience  which  are  even  now  mani- 
fested to  us  in  every  department  both  of  the 
vegetable  and  animal  ecooomy. 

The  processes  by  which  all  these  important 
purposes  are  fulfilled  comprise  a  distinct  class  of 
functions,  the  final  object  of  which  may  be 
termed  Nutrition,  that  is,  the  reparation  of  the 
waste  of  the  substance  of  the  oi^^s,  their 
maintenance  in  the  state  fitting  them  for  the 
exercise  of  their  respective  offices,  and  the  appli- 
cation of  properly  prepared  materials  to  their 
developement  and  growth. 
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The  iiinctionB  subaeirient  to  nutrition  may  be 
distinguished,  according  as  the  processeB  they 
comprise  relate  to  seTen  principal  periods  in  the 
natural  order  of  their  successioD.  The  first 
aeries  of  processes  has  for  its  objects  the  re- 
ception  of  the  materials  from  without,  and  their 
preparation  and  gradual  conversion  into  proper 
nutriment,  that  is,  into  matter  having  the  same 
chemical  properties  irith  the  substance  of  the 
organs  with  which  it  is  to  be  incorporated ;  and 
their  purpose  being  to  assimilate  the  food  as 
much  as  possible  to  the  nature  of  the  organic 
body  it  is  to  nourish,  all  these  functions  have 
been  included  under  the  term  Assimilation. 

The  second  aeries  of  vital  functions  com- 
prise those  which  are  designed  to  convey  the 
nutritive  fluids  thus  elaborated,  to  all  the  organs 
that  are  to  be  nourished  by  them.  In  the  more 
developed  systems  of  oi^anization  this  purpose 
is  accomplished  by  means  of  canals,  called  vessels, 
thnnigh  which  the  nutritive  fluids  move  in  a 
kind  of  circuit :  in  this  case  the  function  is  de- 
nominated the  Circulation. 

It  is  not  enough  that  the  nutritive  juices  are 
assimilated ;  anoth^  chemical  process  is  still 
required  to  perfect  their  auimalization,  and  to 
retain  them  in  their  proper  chemical  condititm 
for  the  purposes  of  the  system.  This  third  object 
is  accomplished  by  the  function  of  Respiration, 

Fourthly,  several  chemical  products  which  are 
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wanted  in  different  parts  of  the  economy,  are 
required  to  be  formed  by  a  peculiar  set  of  oi^ans, 
of  which  the  intimate  structure  eludes  obserra- 
tion ;  although  we  may  perceive  that  in  many 
instances,  among  the  higher  orders  of  beings,  a 
special  apparatus  of  vessels,  sometimes  spread 
over  the  suiiace  of  a  membrane,  at  other  times 
collected  into  distinct  masses,  is  provided  for 
that  purpose.  These  specific  oi^ns  are  termed 
glands,  and  the  office  performed  by  them,  as 
well  as  by  the  simpler  forms  of  structure  above 
mentioned,  is  termed  Secretion. 

Fifthly,  similar  processes  of  secretion  are  also 
employed  to  carry  offfrom  the  blood  such  animal 
products  as  may  have  been  formed  or  introduced 
into  it,  and  may  possess  or  have  acquired  noxious 
properties.  The  elimination  of  these  materials, 
which  is  the  office  of  the  excreiories,  constitutes 
the  function  of  Excretion. 

Sixthly,  changes  may  take  place  in  various 
parts  of  the  body,  both  solid  and  fluid,  rendering 
them  unfit  to  remain  in  their  present  situation, 
and  measures  must  be  taken  for  the  removal  of 
these  useless  or  noxious  materials,  by  transferring 
them  to  the  general  mass  of  circulatii^  blood, 
so  as  either  to  be  again  usefully  employed, 
or  altogether  discarded  by  excretion  from  the 
system.  This  object  is  accomplished  by  a 
peculiar  set  of  vessels;  and  Uke  limction  they 
perform  is  termed  Absorption. 
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'  Lastly,  the  coDverBion  of  the  fluid  nutriment 
ukto  the  solids  of  the  body,  and  its  immediate 
application  to  the  purposes  of  the  derelopemeot 
of  the  organs,  of  their  preservation  in  the  state  of 
health  and  activity,  and  of  the  repair  of  such 
injuries  as  they  may  chance  to  sustain,  as  far  as 
^e  powers  of  the  system  are  adequate  to  such 
reparation,  are  the  objects  of  a  seventh  set  of 
functions,  more  especially  comprised  under  the 
title  of  Nutrition,  which  closes  this  long  series  of 
chemical  changes,  and  this  intricate  but  har- 
monious system  of  operations. 

Althoi^h  the  order  in  which  the  constituent 
elements  of  oi^nized  products  are  arranged,  and 
the  mode  in  which  they  are  cconbined,  are 
entirely  unknown  to  us,  we  can  nevertheless 
perceive  that  in  following  them  successively 
from  the  simplest  vegetables  to  the  higher  orders 
of  the  animal  kingdom,  they  acquire  continually 
increasing  degrees  of  complexity,  corresponding, 
in  some  measure,  to  the  greater  refinement  and 
complication  of  the  structures  by  which  they  have 
been  elaborated,  and  of  the  bodies  to  which  they 
are  ultimately  assimilated.  Thus  plants  derive 
their  nourishment  from  the  crude  and  simple 
materials  which  they  absorb  from  the  earth,  the 
waters,  and  the  air  that  surround  them ;  mate- 
rials which  consist  almost  wholly  of  water,  with 
a  small  proportion  of  carbonic  acid,  and  a  few 
saline  ingredients,  of  which  that  water  is  the 
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vehicle.  But  these,  after  having  been  converted 
by  the  powers  of  vegetable  assimilation,  into  the 
substance  of  the  plant,  acquire  the  charac- 
teristic properties  of  oi^anized  products,  thou^ 
they  are  still  the  simplest  of  that  class.  In  this 
state,  and  when  the  fabric  they  had  composed  is 
destroyed,  and  they  are  scattered  over  the  soil, 
they  are  fitted  to  become  more  highly  nutritive 
to  other  plants,  which  absorb  them,  and  vrith 
more  facility  adapt  them  to  the  purposes  of  their 
own  systems.  Here  they  receive  a  still  higher 
degree  of  elaboration ;  and  thus  the  same  mate- 
rials may  pass  through  several  successive  series 
of  modifications,  till  they  become  the  food  of  ani- 
mals, and  are  then  made  to  undei^  still  further 
changes.  New  elements,  and  in  particular 
nitrogen,  is  added  to  the  oxygen,  hydrc^en  and 
carbon,  which  are  the  chief  constituents  of 
vegetable  substances:*  and  new  properties  are 
acquired,  from  the  varied  combinations  into 
which  th«r  elements  are  made  to  enter  by  the 
more  energetic  powers  of  assimilation  apper- 
taining to  the  animal  system.  The  products 
which  result  are  still  more  removed  from  their 
original  state  of  inorganic  matter :  and  in  this 
condition  they  serve  as  the  appropriate  food  of 

*  Nitrogen,  however,  frequently  enters  into  the  composition 
of  vegetables :  though  in  genera],  in  a  much  Bmaller  proportion 
than  into  the  substance  of  animals,  of  which  last  it  always  ap- 
fware  to  be  Ml  essentikl  constituent. 
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carnivorous  animals,  which  gcDeralty  hold  a 
higher  rank  in  the  scale  of  oi^aoization,  than 
those  that  subsist  only  on  vegetables. 

Thus  has  each  created  being  been  fonned  in 
reference,  not  merely  to  its  own  wel^kre,  but 
also  to  that  of  multitudes  of  others  which  are 
dependent  on  it  for  their  support,  their  preser- 
vation,— nay,  even  for  their  existence.  In  con- 
templating this  mutual  relationship,  this  suc- 
cessive subordination  of  the  different  races  to  one 
another,  and  this  continual  tendency  to  increased 
refinement,  we  cannot  shut  our  eyes  to  the  mag> 
nificent  unfidding  of  the  great  scheme  of  nature 
for  the  progressiTe  attainment  of  higher  objects ; 
until,  in  the  perfect  system,  and  exalted  endow- 
ments of  man,  we  behold  the  last  result  that  has 
been  manifested  to  us  of  creative  power. 


NUTRITION  IN  VECETABLES. 

§  1 .  Food  of  Plants. 

The  simplest  kind  of  nutrition  is  that  presented 
to  us  by  the  vegetable  kingdom,  where  water 
may  be  considered  as  the  general  vehicle  of  the 
nutriment  received.    Before  the  discoveries  of 
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modem  chemistry  it  was  very  generally  believed 
that  plants  could  subsist  on  water  alone;  and 
Boyle  and  Van  Helmont  in  particular  endea* 
voured  to  establish  by  experiment  the  truth  of 
this  opinion.  The  latter  of  these  physiol<^8ts 
planted  a  willow  in  a  certain  quantity  of  earth, 
the  weight  of  which  he  had  previously  ascer- 
tained with  great  care ;  and  during  five  years,  he 
kept  it  moistened  with  rain  water  alone,  which 
he  imagined  waA  perfectly  pure.  At  the  end  of 
this  period  he  found  that  the  earth  had  scarcely 
diminished  in  weight,  while  the  willow  had 
grown  into  a  tree,  aod  had  acquired  an  ad- 
ditional we^ht  of  one  hundred  and  fifly  pounds : 
whence  he  concluded  that  the  water  had  been 
the  only  source  of  its  nourishment.  But  it  does 
not  seem  to  have  been  at  that  time  known  that 
lain  water  always  contains  atmospheric  air,  and 
frequently  also  other  substances,  and  that  It 
cannot,  therefore,  be  regarded  as  absolutely  pure 
water :  nor  does  it  appear  that  any  precautions 
were  taken  to  ascertain  that  the  water  actually 
employed  was  wholly  free  from  foreign  matter, 
which  it  is  easy  to  conceive  it  might  have  held 
in  solution.  In  an  experiment  of  Duhamel,  on 
the  other  band,  a  horse-chesnut  tree  and  an  oak, 
exposed  to  the  open  air,  and  watered  with 
distilled  water  alone,  the  former  for  three,  and 
the  latter  for  eight  years,  were  kept  alive,  indeed, 
}}ut  they  were  ^Eceedingly  stiuted  in  theii  growth. 
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and  evidently  derived  little  or  no  sastenance 
from  the  water  vrith  which  they  were  aopplied. 
Experiments  of  a  similar  nature  were  made  by 
Bonnet,  and  with  the  like  result.  When  plants 
are  contained  in  closed  vessels,  and  regularly 
supplied  with  water,  but  denied  all  access  to 
carbonic  acid  gas,  they  are  developed  only  to  a 
very  limited  extent,  determined  by  the  store  of 
nutritious  matter  which  had  been  already  ctA- 
lected  in  each  plant  when  the  experiment  com- 
menced, and  which,  by  combining  with  the 
water,  may  have  afforded  a  temporary  supply 
of  nourishment. 

Bnt  the  water  which  nature  funushes  to  the 
vegetable  oigans  is  never  perfectly  pure;  for,  be- 
sides containing  air,  in  which  there  is  iMmstantly 
a  certain  pn^rtion  of  carbonic  acid  gas,  it  has 
always  acquired  by  percolation  through  the  soil 
Tarious  earthy  and  saline  particles,  together  with 
materials  derived  firom  decayed  vegetable  or 
animal  remains.  Most  of  these  subMances  are 
soluble,  in  however  minute  a  quantity,  in  water : 
and  others,  finely  pulverized,  may  be  suspended 
in  that  fluid,  and  carried  along  with  it  into  the 
vegetable  system.  It  does  not  appear,  however, 
that  pure  carbon  is  ever  admitted,  for  Sir  H.Davy , 
on  mixing  charcoal,  ground  to  an  impalpable 
powder,  with  the  water  into  which  the  roots  of 
mint  were  immersed,  could  not  discover  that 
the  smallest  quantity   of  that    substance  had 
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been,  in  any  case,  absorbed.*  But  in  the  form 
of  carbonic  acid,  this  element  is  received  in 
great  abundance,  through  the  medium  of  water, 
which  readily  absorbs  it :  and  a  considerable 
quantity  of  carbon  is  also  introduced  into  the 
fluids  of  the  plant,  derived  from-  the  decom- 
posed animal  and  vegetable  materials,  which  the 
water  generally  contains*  The  peculiar  fertility 
of  each  kind  of  soil  depends  principally  on  the 
quantity  of  these  organic  products  it  contains  in 
a  state  capaUe  of  being  absorbed  by  the  plant, 
and  of  contributing  to  its  nourishment. 

The  soil  is  also  the  source  whence  plants  derive 
their  saline,  earthy,  and  metallic  ingredioitB. 
The  ffllica  they  often  contain  is,  in  like  manner, 
conveyed  to- them  by  the  water,  which  it  is  now 
well  ascertained,  by  the  researches  of  Berzilius, 
is  capable  of  dissolving  a  very  minute  quantity 
of  this  dense  and  hard  subrtance.  It  is  evident 
that,  however  small  this  quantity  may  be,  if  it 
continue  to  accumulate  in  the  plant,  it  may  in 
time  constitute  the  whcde  amount  of  that  which 
is  found  to  be  so  copiously  deposited  on  the  sur- 
face,  or  collected  in  the  interior  of  many  plants, 
such  as  the  bamboo,  and  various  species  of  grasses. 
The  small  d^iiee  of  solubility  of  many  substances 
thus  required  for  the  construction  of  the  solid 
vegetable  fabcie;  is,  probably,  one  of  the  reasons 
why  plants  require  so  large  a  supply  of  water 
fw  theii  subsistence. 

"  ElemenU  of  Agricultuna  Chemirtry,  Lect.  VI.  p.  234. 


lyGOOgIC 


VEGETABLE  ABSOBFnON. 


4  2.  Absorption  of  NHtriment  by  Plants. 

The  greater  number  of  cellular  plants  abeorb 
water  with  nearly  equal  facility  from  erery  port 
of  their  surface :  this  is  the  case  with  the  Algee^ 
for  inBtance.which  are  aquatic  plants.  liiLxehenaj 
on  the  other  band,  absorption  takes  {dace  more 
partially ;  but  the  particular  parts  (^  the  surface 
where  it  occurs  are  not  constantly  the  same,  and 
appear  to  be  determined  more  by  mechanical 
causes  thui  by  any  peculiarity  of  structure: 
some,  however,  are  foimd  to  be  provided  in  certain 
parts  of  the  surfewe  with  stomata,  which  De 
CandoUe  supposes  may  act  as  sudung  <nifices. 
Many  moshnxonB  appear  to  be  capable  of  ab- 
sOTbing  fluids  irom  all  parts  of  their  surface 
indiscriminately ;  and  sfune  ^ecies,  again,  are 
Ibmished  at  their  base  with  a  kind  of  radical 
fibrils  for  that  purpose. 

In  plants  having  a  vascular  structure,  whidi 
m  the  case  in  by  far  the  greater  number,  the 
roots  are  the  special  organs  to  which  this  office 
of  absorbing  nourishment  m  assigned  :  but  it 
sccasionally  happens  that,  under'certain  circum- 
stances, the  leaves,  or  the  stems  of  plants  are 
found  to  absorb  moisture,  which  they  have  been 
supposed  to  do  by  the  stomata  intersp^sed  on 
their  surface.  This,  however,  is  not  their  natural 
action ;  and  they  assume  it  only  in  forced  situa- 
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tions,  when  they  procure  no  water  by  means  of 
the  roots,  either  from  baring  been  deprived  of 
these  organs,  or  from  their  being  left  totally  dry. 
Thus  a  branch,  separated  from  the  trunk,  may 
be  preserved  from  withering  for  a  long  time,  if 
the  leaves  be  immersed  in  water :  and  when  the 
soil  has  been  parched  by  a  long  drought,  the 
drooping  plants  will  be  very  quickly  revived  by 
a  shower  of  rain,  or  by  artificial  watering,  even 
before  any  moisture  can  be  supposed  to  have 
penetrated  to  the  roots. 

It  is  by  the  extremities  of  the  roots  alone,  or 
rather  by  the  spoi^oles  which  are  there  situ- 
ated, that  absorption  takes  place :  for  the  suriace 
of  the  root,  being  covered  in  every  other  part  by 
a  layer  of  epidermis,  is  incapable  of  performing 
this  office.  It  was  long  ago  remarked  by  Du- 
hamel,  that  trees  exhaust  the  soil  only  in 
those  parts  which  surround  the  extremities  of 
the  roots :  but  the  feet  that  absorption  is  effected 
only  at  those  points  has  been  placed  beyond  a 
doubt  by  the  direct  ^qperiments  of  Sennebier, 
who,  taking  two  carrots  of  equal  size,  immersed 
in  water  the  whole  root  of  the  <»ie,  while  only 
the  extremity  of  the  other  was  made  to  dip  into 
the  water,  and  found  that  equal  quantities  were 
absorbed  in  both  cases ;  while  on  immersing  the 
whole  surface  of  another  carrot  in  the  fluid,  with 
the  exception  of  the  extremity  of  the  root,  which 
was  raised  so  as  to  be  above  the  surface,  no  ab- 
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fMptkm  whatever  took  place.  Plants  haring  a 
fusiform,  or  spindle-shaped  root,  aiich  as  the 
carrot  and  the  radish,  are  the  best  for  these  ex- 
periments. 

In  the  natural  progress  of  growth,  the  roots 
are  constantly  shooting  forwards  in  the  direction 
they  have  first  taken,  whether  horizontally,  or 
vertically,  or  at  any  other  inclination.  Thus 
they  continually  arrive  at  new  portions  of  soil, 
of  which  the  nutritive  matter  has  not  yet  been 
exhausted;  and  as  a  constant  relation  is  pre- 
served between  their  lateral  extensifHi  and  the 
horizontal  spreading  of  the  branches,  the  greater 
part  of  the  rain  which  falls  uptm  the  tree,  is 
made  to  drop  from  the  leaves  at  the  exact  dis- 
tance from  the  bunk,  where,  after  it  has  soaked 
through  the  efurtfa,  it  will  be  received  by  die  ex- 
tremities of  the  roots,  and  readily  sucked  in  by 
the  spongioles.  We  have  here  a  striking  instance 
of  that  beautiful  correspondence,  which  has  be^ 
estaldished  between  processes  belonging  to  diffe- 
rent departments  of  nature,  and  which  are  made 
to  ctmcur  in  the  production  of  remote  effects, 
that  could  never  have  beoi  accomplished  without 
these  preconcerted  and  harmonious  adjustments. 

The  spongioles,  or  absorbing  extremities  of 
the  roots,  are  constructed  of  ordinary  cellular  or 
qmogy  tissue :  and  they  imbibe  the  fluids,  which 
are  in  contact  with  them,  partly  by  capillary 
actiMi,  and  partly,  also,  by  what  hoA  been  termed 
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a  hggrosct^c  power.  But  though  these  principlel 
may  sufficiently  accouDt  for  the  simple  entrance 
of  the  fluids,  th^  are  inadequate  to  explain  its 
continued  ascent  through  the  substance  of- the 
root,  or  along  the  stem  of  the  plant.  The  most 
probable  exi^anation  of  this  phenomenon  is  that 
the  pr(^;Tes8iTe  movement  of  the  fluid  is  produced 
by  alternate  contractions  and  dilatations  of  the 
cells  themseWes,  which  compose  the  texture  <^ 
the  plant ;  these  actions  being  themselves  refer- 
able to  the  vitality  of  the  oi^ns. 

The  absorbent  power  of  Uie  spongioles  is 
limited  by  the  diameter  of  their  pores,  so  diat 
fluids  which  are  of  too  viscid  or  glutinous  a  con- 
sistence to  pass  readily  through  them  are  liable 
to  obstruct  or  entirely  block  up  these  passages. 
Thus  if  the  spongioles  be  surrounded  by  a  thick 
solution  of  gum,  or  even  <^  sugar,  its  pores  will 
be  clogged  up,  scarcely  any  portion  of  the  fluid 
will  be  absorbed,  and  the  plant  will  wither  and 
perish :  but  if  the  same  liquids  be  more  largely 
diluted,  the  watery  portion  will  find  its  way 
through  the  spongioles,  and  become  available 
for  the  sustenance  of  the  plant,  while  the  greatar 
part  of  the  thicker  material  will  be  left  behind. 
The  same  apparent  power  of  selection  is  exhibited 
when  saline  solutions  of  a  certain  strength  are 
presented  to  the  roots :  the  water  of  the  soluticHi, 
with  only  a  small  propration  of  the  sEdts,  being 
taken  up,  and  the  remaining  part  of  the  fluid 
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being  found  to  be  more  Btrongty  impr^nated 
with  the  salts  than  before  this  abyorptioo  had 
taken  place.  It  would  appear,  however,  that  all 
this  is  merdy  the  result  of  a  mechanical  opera- 
tion, and  that  it  Ainushes  no  evidence  i>f  any 
discriminating  fikculty  in  .the  sfwngioie :  for  it  is 
found  that,  provided  the  material  presented  be 
in  a  state  of  perfect  solution  and  limpidity,  It  is 
sucked  in  with  equaT  avidity,  whether  its  qualities 
be  deleterious  or  salabrious.  Solutkme  of  sul- 
phate of  copper,  which  is  a  deadly  poison*  are 
abscrbed  in  large  quantities  by  the  roots  at  [rfanto, 
which  are  immersed  in  them :  and  water  which 
drains  from  a  bed  of  manure,  and  is  consequently 
loaded  with  caiboimceouB  particles,  proves  ex- 
ceediogly  injurious  when  admitted  into  the  system 
of  the  plant,  from  tlie  excess  of  natrinMiit  it  coa- 
taitts.  Bvt  in  the  ordinary  course  of  veg^ation, 
no  danger  can  arise  fixun  this  general  power  of 
alMMwption,  since  the  fluids  which  nature  supplies 
are  always  snoh  as  are  suitable  to  the  organs 
that  arcto  reoeive  tbem. 

The  fluid,  which  is  taken  up  by  the  roots,  and 
whkdi,  as  we  have  seen,  consists  chicAy  of  water, 
holding  in  solution  .atmoq»heric  air,  together 
with  various  saline  and  earthy  iugrediente  neces- 
sary for  the  nourishment  of  the  plant,  is  in  a 
perfectly  crude  state.  It  rises  in  the  stem  of 
the  plant,  undei^«nng  scarcely  any  peroepidfale 
change  in  its  ascent ;  and  is  in  this  state  condaeted 
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to  the  leaTes,  where  it  ia  to  experience  rarioiia 
important  modifications.  By  causing  the  roots 
to  imbibe  coloured  liquide,  the  general  course  of 
the  sap  has  been  traced  with  tolerable  accuracy, 
and  it  is  found  to  traverse  principally  the  ligneous 
substance  of  the  stem :  in  trees,  its  passage  is 
chiefly  through  the  alburnum,  or  more  recently 
framed  wood,  and  not  throi^h  the  baric,  as  was 
at  one  time  believed. 

The  course  erf"  the  sap,  however,  varies  under 
different  circumstances,  and  at  different  epochs 
of  vegetation.  At  the  period  when  the  young 
foods  are  preparing  for  their  developemoit,  which 
usually  takes  place  when  the  g^al  warmth  of 
spring  has  penetrated  beyond  the  surface,  and 
expanded  the  fibres  and  vesads  <^  the  plant, 
there  arises  an  ui^;ent  demand  for  nouridiment, 
which  the  roots  are  actively  employed  in  sup- 
plying. As  the  leaves  are  not  yet  completed,  the 
sap  is  at  first  applied  to  purposes  somewhat 
di^rent  team  those  it  is  destined  to  fulfil  at  a 
more  advanced  period,  when  it  has  to  ufrarish 
the  fully  expanded  CH^ans:  this  fluid  has,  ac- 
cordingly, received  a  distinct  appellation,  being 
termed  die  nurslmg  sap.  Instead  of  rising 
through  the  alburnum,  the  nurslii^  sap  ascends 
through  the  innermost  circle  of  wood,  or  that 
which  is  immediately  contiguous  to  the  pith,  and 
is  thence  transmitted,  by  unknown  channels, 
through  the  several  layers  of  wood,  till  it  reaches 
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the  buds,  which  it  is  to  supply  with  noanahment. 
During  this  circnitoue  passage,  it  probably  un- 
deigoes  a  certain  degree  of  elaboration,  fitting  it 
for  the  office  which  it  has  to  perform :  it  (^ipa- 
lenity  combines  with  some  nutriment,  which  had 
been  previonsly  deposited  in  the  plant,  and  which 
it  again  dissolves ;  and  thns  becoming  asnnUlated, 
is  in  a  state  proper  to  be  incorporated  with  the 
new  organization  that  is  deretoping.  This  nurs- 
ling sap,  }H«vided  for  the  nourishment  c^  the 
young  buds,  has  been  compared  to  the  milk  of 
animals,  which  is  prepared  fw  a  similar  purpose 
at  those  times  only  when  nutriment  is  required 
for  the  rearing  of  tlieir  young. 

Several  opinions  have  been  entertained  with 
regard  to  the  channels  through  which  the  sap  is 
conveyed  in  its  ascent  along  the  stem,  and  in 
its  pass^e  to  its  ultimate  destination.  Many 
observations  tend  to  show,  that,  in  ordinary  cir- 
oumetances,  it  is  nc^  transmitted  through  any  of 
the  distinguishaUe  vessels  of  the  pknt :  for  most 
of  thaie,  in  thedr  natural  state,  are  found  to  con- 
tain rady  air.  The  sap  must,  therefore,  either 
txaverse  tiie  cells  themselves,  or  pass  along  the 
interceUolar  spaces.  That  the  latter  is  the 
eouxae  it  takes  is  the  opinion  of  De  CandoUe, 
who  adduces  a  variety  of  arguments  in  its  sup- 
pwt.  The  sap,  he  observes,  is  found  to  rise 
equally  well  in  plants  whose  structure  is  wholly 
ccUular ;  a  fact  which  proves  the  vessels  are  not 
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in  all  casea  necessary  for  its  conyeyance.  In 
many  instances  the  sap  is  known  to  deviate  from 
its  usual  rectilinear  path,  and  to  pursue  a  cir- 
cuitous course,  very  different  from  that  of  any  of 
the  known  vessels  of  the  plant.  The  difiuwm 
of  the  sap  in  different  directions,  and  its  sub- 
sidence in  the  lowest  parts,  on  certain  occasicms, 
are  iacts  irreconcileable  with  the  supposition 
that  it  is  confined  in  these  vessels. 

Numerous  experiments  have  been  made  to 
discover  the  velocity  with  which  the  sap  rises  in 
plants,  and  the  fon^  it  exerts  in  its  ascent. 
Those  of  Hales  are  well  known :  by  lop^nng  off 
the  top  of  a  young  vine,  and  a[^lying  to  the 
truncated  extremity  a  glass  tube,  which  closed 
round  it,  he  found  that  the  fluid  in  ^e  tube  rose 
to  a  height,  which,  taking  into  account  the  ^tecific 
gravity  of  the  fluid,  was  equivalent  to  a  perpendi- 
cular column  of  water  of  more  than  fmty-thrM 
feet ;  and  c(»isequently  exerted  a  force  of  propul- 
sion considerably  greater  than  the  pressure  of  lan 
additional  atmosphere.  The  velocity,  as  well  as 
the  force  of  ascent,  must,  however,  be  liable  to 
great  variation ;  being  much  influenced  by  eva- 
poration, and  other  changes,  which  the  sap 
iindei^io^  in  the  leaves.  Various  opinions  have 
been  entertained  as  to  the  agency  by  which  the 
motion  of  the  sap  is  efibcted ;  but  although  it 
seems  likely  to  be  resolved  into  the  vital  move- 
ments of  the  cellular  structure  already  mentioned, 
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the  queBti<M  u  still  eiiTek^>ed  in  coDduderabie 
obscarity.  There  is  certainly  no  evidence  to 
prove  that  it  has  any  anali^y  to  a  muacnlar 
power;  and  the  .simplest  suppoaition  we  can 
make  is  that  these  actions  take  i^ace  by  means 
of  a  cmtractile  property  belonging  to  the  vege- 
table tissue,  and  exerted,  nndor  certain  circum- 
stances, and  in  conformity  to  certain  laws,  which 
we  have  not  yet  succeeded  in  determining. 


^  3.  ExhaiatioH. 

l^E  nntrient  sap,  which,  as  we  have  seen,  rises 
in  the  stem,  and  is  tran«nitted  to  the  leaves 
without  any  diange  in  its  qualities  or  compo- 
sition, is  immediately,  by  the  medium  of  the 
fltomata,  or  orifices  which  abound  in  the  snr&ce 
of  those  organs,  subjected  to  the  process  c^ 
exhaiatioH.  The  proportion  of  water  which  the 
sap  loses  by  exhalation  in  the  leaves  is  generally 
about  two-thmls  of  the  whole  quantity  received ; 
so  that  it  is  only  the  remaining  Uiird  that  returns 
to  nourish  the  oi^ans  of  the  plant.  It  has  been 
ascertained  that  the  water  thus  ev^wrated  a 
perfefrtly  pure ;  or  at  least  does  not  contain  more 
than  a  10,000,000th  part  of  the  foreign  matter 
with  which  it  was  impregnated  when  first  ab- 
sorbed by  the  roots.     The  water  thus  exhaled, 
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being  diaeolTed  by  the  air  the  moment  it  escapee, 
passes  off  in  the  form  of  invisible  vapour.  Hales 
made  an  experiment  with  a  sun-flower,  three 
feet  high,  enclosed  in  a  vessel,  which  he  kept  for 
fifteen  days :  and  inferred  firom  it  that  the  daily 
lose  of  the  plant  by  exhalation  was  twenty  ounces ; 
and  this  he  c<«nputes  is  a  quantity  seventeen 
times  greater  than  that  lost  by  insensible  perspi- 
ration firom  an  equal  portion  of  the  sur&ce  of  the 
human  body. 

The  comparative  quantities  of  fluid  exhaled 
by  the  same  plant  at  different  times  are  regu- 
lated, not  so  much  by  temperature,  as  by  the 
intensity  of  the  light  to  which  the  leaves  are 
exposed.  It  is  only  during  the  day,  therefore, 
that  this  function  is  in  activity.  De  Candolle 
has  found  that  the  artificial  light  of  lamps  pro- 
duces on  the  leaves  an  effect  similar  to  that  of 
the  solar  rays,  and  in  a  d^ree  proportionate  to 
its  intensity.*  As  it  is  only  through  the  stomata 
that  exhalation  proceeds,  the  number  of  thee« , 
pores  in  a  given  surface  must  considerably  in- 
fluence the  quantity  of  fluid  exhaled. 

By  the  loss  of  so  large  a  portion  of  the  water 
which,  in  the  rising  sap,  had  held  in  solutimi 
various  foreign  materials,  these  substtmces  are 
roidered  more  disposed  to  separate  from  the 
fluid,  and  to  become  consolidated  on  the  sides 

*  Phyaiologie  V%toJe,  i.  112. 
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of  the  cells  or  vessels,  to  which  they  are  con- 
ducted from  the  leaves.  This,  then,  is  the  first 
modification  in  the  qualities  of  the  sap  which  it 
undergoes  in  those  organs. 


^  4.  Aeration  of  the  &ip. 

A  CHEMICAL  change  mnch  more  considerable 
and  impcHtant  than  the  preceding  is  next  effected 
on  the  sap  by  the  leaves,  when  they  are  subjected 
to  the  action  of  light.  It  consists  in  the  decom- 
position of  the  carbonic  acid  gas,  which  is  either 
brought  to  them  by  the  sap  itself,  or  obtained 
directly  from  the  surrounding  atmosphere.  In 
either  case  its  oxygen  is  separated,  and  is  dis- 
engaged in  the  form  of  gas  ;  while  its  carbon  is 
retained,  and  composes  an  essential  ingredient 
of  the  altered  sap,  which,  as  it  now  possesses  one 
of  the  principal  elements  of  vegetable  structures, 
may  be  considered  as  having  made  a  near  ap- 
proach to  its  complete  assimilation,  using  this 
t^m  in  the  physiological  sense  already  pointed 
out 

The  remarkable  discovery  that  oxygen  gas  is 
exhfded  firom  the  leaves  of  plants  during  the 
day  time,  was  made  by  the  great  founder  of 
pneumatic  chemistry.  Dr.  Priestley  :  to  Senne- 
bier  we  are  indebted  for  the  first  observation 
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that  the  presence  of  carbonic  acid  is  required 
for  the  disengagement  of  oxygen  in  this  process, 
and  that  the  oxygen  is  derived  from  the  decom- 
position of  the  carbonic  acid ;  and  these  latter 
facts  have  since  been  fully  established  by  the 
researches  of  Mr.  Woodhouse,  of  Pensylvania, 
M.  Theodore  de  Saussure,  and  Mr.  Palmer. 
They  are  proved  in  a  very  satisfactory  manner 
by  the  following  experiment  of  De  Candolle. 

Two  glass  jars  were  inverted  over  the  same 
water-bath ;  the  one  filled  with  carbonic  acid 
gas,  the  other  tilled  with  .  water,  containing  a 
sprig  of  mint ;  the  jars  communicating  below  by 
means  of  the  water-bath,  on  the  surfece  of  which 
some  oil  was  poured,  so  as  to  intercept  all  com- 
munication between  the  water  and  the  atmosphere. 
The  sprig  of  mint  was  exposed  to  the  light  of  the 
sun  for  twelve  days  consecutively :  at  the  end 
of  each  day  the  carbonic  acid  was  seen  to  dimi- 
nish in  quantity,  the  water  rising  in  tJhe  jar  to 
supply  the  place  of  what  was  lost,  and  at  the 
same  time  the  plant  exhaled  a  quantity  of 
oxygen  exactly  equal  to  that  of  the  carbonic 
acid  which  had  disappeared.  A  similar  sprig  of 
mint,  placed  in  ajar  of  the  same  size,  full  of  dis- 
tilled water,  but  without  having  access  to  carbonic 
acid,  gave  out  no  ox^en  gas,  and  soon  perished. 
"When,  in  another  experiment,  conducted  by 
means  of  the  same  apparatus  as  was  used  in  the 
first,  oxygen  gas  was  substituted  in  the  first  jar 
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instead  of  carboDic  acid  gas,  uo  gaa  was  disen- 
gaged in  the  other  jar,  which  contained  a  sprig 
of  mint.  It  is  evident,  therefore,  that  the  oxygen 
gas  obtained  from  the  mint  in  the  first  experi- 
ment was  derived  from  the  decomposition,  by 
the  leaves  of  the  mint,  of  the  carbonic  acid,which 
the  plant  had  absorbed  from  the  water. 

Solar  light  is  an  essential  agent  in  efiecting 
this  chemical  change ;  for  it  is  never  found  to 
take  place  at  night,  nor  while  the  plant  is  kept 
in  the  dark.  The  experiments  of  Sennebier 
would  tend  to  show  that  the  violet,  or  most  re- 
frangible of  the  solar  rays  have  the  greatest 
power  in  determining  this  decomposition  of  car- 
bonic acid  :  but  the  experiments  are  of  so  deli- 
cate a  nature,  that  this  result  requires  to  be  con- 
firmed by  a  more  rigid  investigation,  before  it 
can  be  admitted  as  satisfactorily  established. 

That  the  carbon  resulting  from  this  decompo- 
sition of  carbonic  acid  is  retained  by  the  plant, 
has  been  amply  proved  by  the  experiments  of 
M.  Theodore  de  Saussure,  who  found  that  this 
process  is  attended  with  a  sensible  increase  in 
the  quantity  of  carbon  which  the  plant  had  pre- 
viously contained. 

It  is  in  the  green  substance  of  the  leaves  alone 
that  Uiis  process  is  conducted :  a  process,  which, 
firom  ihe  strong  anal<)gy  that  it  bears  to  a  similar 
function  in  animals,  may  be  considered  as  the 
respiration  of  vegetables.    The  effect  appears  to 
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be  proportionate  to  the  number  of  stomata  which 
the  plant  contains.  It  is  a  process  which  takes 
place  only  in  a  living  plant ;  for  if  a  leaf  be 
bruised  so  as  to  destroy  its  oi^anization,  and 
consequently  its  vitality,  its  substance  is  no  longer 
capable  either  of  decomposing  carbonic  acid  gas 
under  the  influence  of  solar  light,  or  of  absorbing 
oxygen  in  the  dark.  Neither  the  roots,  nor  the 
flowers,  nor  any  other  parts  of  the  {^ant,  which 
have  not  this  green  substance  at  their  gurface, 
are  capable  of  decomposing  carbonic  acid  gas : 
they  produce,  indeed,  an  eflect  which  is  in  some 
respects  the  opposite  of  this ;  for  they  have  a 
tendency  to  absorb  oxygen,  and  to  convert  it 
into  carbonic  acid,  by  uniting  it  with  the  carbon 
they  themselves  contain.  This  is  also  the  case 
with  the  leaves  themselves,  whenever  they  are 
not  under  the  influence  of  light :  thus,  during 
the  whole  of  the  night,  the  same  leaves,  which 
had  been  exhaling  oxygen  during  the  day,  ab- 
sorb a  portion  of  that  element.  The  oxygen 
thus  absorbed  enters  immediately  into  combina- 
tion with  the  carbonaceous  matter  in  the  plant, 
fcffming  with  it  carbonic  acid  :  this  carbonic  acid 
is  in  part  exhaled ;  but  the  greater  portion  either 
remains  attached  to  the  substance  of  the  leaf,  or 
combines  with  the  fluids  which  constitute  the 
sap :  in  the  latter  case  it  is  ready  to  be  again 
presented  to  the  leaf,  when  daylight  returns, 
and  when  alresh  decomposition  is  again  effected. 
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This  reversal  at  night  of  what  was  done  in  the 
day  may,  at  fir^  sight,  appear  to  be  at  variance 
with  the  unity  of  plan,  which  we  should  ex- 
pect to  find  preserved  in  the  vegetable  economy : 
but  a  more  attentive  examination  of  the  process 
wUI  show  that  the  whole  is  in  perfect  harmony, 
and  that  these  contrary  processes  are  both  of 
.  them  necessary,  in  order  to  produce  the  result 
intended. 

The  water  which  is  absorbed  by  the  roots 
generally  carries  with  it  a  certain  quantity  of 
soluble  animal  or  vegetable  materials,  which  con- 
tain carbon.  This  carbon  is  transmitted  to  the 
leaves,  where,  during  the  night,  it  is  made  to 
combine  with  the  oxygen  they  have  absorbed. 
It  is  thus  converted  into  carbonic  acid,  which, 
when  daylight  prevails,  is  decomposed ;  the 
oxygen  being  dissipated,  and  the  carbon  retained. 
It  is  evident  that  the  object  of  the  whole  process 
is  to  obtain  carbon  in  that  precise  state  of  disin- 
tegration, to  which  it  is  reduced  at  the  moment 
of  its  separation  from  carbonic  acid  by  the  action 
of  solar  light  on  the  green  substance  of  the 
leaves ;  for  it  is  in  this  state  alone  that  it  is  avail- 
able in  promoting  the  nourishment  of  the  plant, 
and  not  in  the  crude  condition  in  which  it  exists 
when  it  is  pumped  up  from  the  earth,  along  with 
the  water  which  conveys  it  into  the  interior  of 
the  plant.  Hence  the  necessity  of  its  having  to 
undei^o  this  double  operation  of  first  combining 
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with  oxygen,  and  then  heing  precipitated  from 
its  combination  in  the  manner  above  described. 
It  is  not  the  whole  of  the  carbon  introduced  into 
the  vegetable  system,  in  the  form  of  carbonic 
acid,  which  has  to  undergo  the  first  of  these 
chaj^es,  a  part  of  that  carbon  being  already  in 
the  condition  to  which  that  operation  would  re- 
duce it,  and  consequently  in  a  state  fit  to  receive 
the  decomposing  action  of  the  leaves.  The 
whole  of  these  chemical  changes  may  be  included 
under  the  general  term  Aeration. 

Thus  the  great  object  to  be  answered  by  this 
v^etable  aeration  is  exactly  the  converse  of 
that  which  we  shall  afterwards  see  is  effected  by 
the  respiration  of  animals :  in  the  former  it  is 
that  of  adding  carbon,  in  an  assimilated  state,  to 
the  vegetable  organization ;  in  the  latter,  it  is 
that  of  dischai^ing  the  superfluous  quantity  of 
carbon  from  the  animal  system.  The  absorption 
of  oxygen,  and  the  partial  disengagement  of 
carbonic  acid,  which  constitute  the  nocturnal 
.  changes  effected  by  plants,  must  have  a  tendency 
to  deteriorate  the  atmosphere  with  respect  to  its 
capability  of  supporting  animal  life;  but  this 
effect  is  much  more  than  compensated  by  the 
greater  quantity  of  oxygen  given  out  by  the  same 
plants  during  the  day.  On  the  whole,  therefore, 
the  atmosphere  ia  continually  receiving  from  the 
vegetable  kii^dom  a  laj^e  accession  of  oxygen, 
and  is,  at  the  same  time,  freed  from  an  equal 
portion  of  carbonic  acid  gas,  both  of  which  e£fecta 
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tend  to  ita  purification  and  to  its  remaining 
adapted  to  the  respiration  of  animals.  Nearly 
the  whole  of  the  carbon  accumulated  by  vege- 
tables is  so  much  taken  from  the  atmosphere, 
which  is  the  primary  source  from  which  they 
derive  that  element.  At  the  season  of  the  year 
when  vegetation  is  most  active,  the  days  are 
longer  than  the  nights ;  so  that  the  diurnal  pro- 
cess of  purification  goes  on  for  a  greater  number 
of  hours  than  the  nocturnal  process  by  which  the 
air  is  vitiated. 

The  oxygen  given  out  by  plants,  and  the  car- 
bonic acid  resulting  from  animal  respiration, 
and  from  the  various  processes  of  combustion, 
which  are  going  on  in  every  part  of  the  world, 
are  quickly  spread  through  the  atmosphere,  not 
only  from  the  tendency  of  all  gases  to  uniform 
diffusion,  but  also  from  the  action  of  the  winds, 
which  are  continually  agitating  the  whole  mass, 
and  promoting  the  thorough  mingling  of  its  dif- 
ferent portions,  so  as  to  render  it  perfectly  ho- 
mogeneous in  every  region  of  the  globe,  and  at 
every  elevation  above  the  surface. 

Thus  are  the  two  great  organized  kingdoms  of 
the  creation  made  to  co-operate  in  the  execution 
of  the  same  design :  each  ministering  to  the 
other,  and  preserving  that  due  balance  in  the 
constitution  of  the  atmosphere,  which  adapts  it 
to  the  welfare  and  activity  of  every  order  of 
beings,  and  which  would  soon  be  destroyed,  were 
the  operations  of  any  one  of  them  to  be  sus- 
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pended.  It  is  impossible  to  contemplate  so 
special  an  adjustment  of  opposite  effects  without 
admiring  this  beautiful  dispensation  of  Provi- 
dence, extending  over  so  vast  a  scale  of  being, 
find  demonstrating  the  unity  of  plan  on  which 
the  whole  system  of  organized  creation  has  beea 
devised. 


^5.  Return  of  tlie  Sap. 

The  sap,  which,  during  its  ascent  from  the  roots, 
contains  but  a  small  proportion  of  nutritious  par- 
ticles, diluted  with  a  lai^e  quantity  of  water, 
after  undergoing  in  the  leaves,  as  in  a  chemical 
laboratory,  the  double  processes  of  exhalation 
and  aeration,  has  become  much  more  highly 
charged  with  nutriment ;  and  that  nutriment  has 
been  reduced  to  those  particular  forms  and  states 
of  composition  which  render  it  applicable  to  the 
growth  of  the  organs,  and  the  other  purposes  of 
vegetable  life.  This  fluid,  therefore,  corresponds 
to  the  blood  of  animals,  which,  like  the  elaborated 
sap,  may  be  regarded  as  fluid  nutriment,  per- 
fectly assimilated  to  that  particular  kind  of  or- 
ganization, widi  which  it  is  to  be  afterwards  in- 
corporated. From  the  circumstance  of  its  being 
sent  back  from  the  leaves  for  distribution  to  the 
several  organs  where  its  presence  is  required,  it 
has  received  the  name  of  the  reUiming  sap,  that 
it  might  be  distinguished  from  the  crude  fluid 
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which  arrives  at  the  leaTcs,  and  which  is  termed 
the  ascending  sap. 

The  returning  sap  still  contains  a  considerable 
quantity  of  water,  in  its  simple  liquid  form;  which 
was  necessary  in  order  that  it  might  still  be  the 
vehicle  of  various  nutritive  materials  that  are  . 
dissolved  in  it.  It  appears,  however,  that  a  large 
proportion  of  the  water,  which  was  not  ex- 
haled by  the  leaves,  has  been  actually  decom- 
posed, and  that  its  separated  elements,  the  oxygen 
and  the  hydrc^en,  have  been  combined  with 
certain  proportions  of  carbon,  hydrt^en,  nitrogen, 
and  various  earths,  metals,  and  salts,  so  as  to 
form  the  proximate  vegetable  products,  which 
are  found  in  the  returning  sap. 

The  simplest,  and  generally  the  most  abundant 
of  these  products,  is  that  which  is  called  Gum.* 
From  the  universal  presence  of  this  substance 
in  the  vegetable  juices,  and  more  especially 
in  the  returning  sap,  of  all  known  plants,  from 
its  bland  and  unirritating  (Qualities,  from  its  great 
solubility  in  water,  and  from  the  facility  with 
which  other  v^etable  products  are  convertible 
into  this  product.  Gum  may  be  faiiiy  assumed 

*  According  to  the  inTestigatiotia  of  Dr.  Frout,  1000  ^ins 
of  gum  are  composed  of  686, grains  of  the  elementa  of  water,  that 
ia,  of  oxygen  and  hydrogen,  in  the  exact  proportions  in  which 
they  vould  have  united  to  form  5S6  grains  of  water;  together 
with  414  of  carbon,  or  the  base  of  carbonic  acid.  This,  ac«>rd' 
ing  to  Uie  doctrine  of  chemical  equiralenta,  corresponds  to  one 
molecule  of  water,  and  one  molecule  of  carbon.  Phil.  Trans. 
1827,  584. 
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to  be  the  principal  basis  of  v^etable  nutriment ; 
and  its  simple  and  definite  composition  points 
it  out  as  being  the  immediate  result  of  the  che- 
mical changes  which  the  sap  experiences  in  the 
leaves.  During  the  descent  of  the  sap,  however, 
this  fluid  undei^;oes,  in  various  parts  of  the  plant, 
a  further  elaboration,  which  gives  rise  to  other 
products.  We  are  now,  therefore,  to  follow  it  in 
its  pr(^ess  through  the  rest  of  the  vegetable 


The  returning  sap  descends  from  the  leaves 
through  two  different  structures:  in  exogenous 
plants  the  greater  portion  finds  a  ready  pass^e 
through  the  liber,  or  innennoet  layer  of  bark, 
and  another  portion  descends  through  the  albur- 
num, or  outermost  layer  of  the  wood.  With  re- 
gard to  the  exact  channels  through  which  it 
passes,  the  same  degree  of  uncertainty  prevails 
as  with  regard  to  those  which  transmit  the  as- 
cending sap.  De  CandoUe  maintains  that,  in 
either  case,  the  fluids  find  their  way  through  the 
intercellular  spaces :  other  physiologists,  how- 
ever, are  of  opinion,  that  particular  vessels  are 
appn^riated  to  the  office  of  transmitting  the  des- 
cending sap.  The  extreme  minuteness  of  the 
organs  of  v^etables  has  hitherto  presented 
insuperable  obstacles  to  the  investigation  of  this 
important  question  :  and  consequently  our  rea- 
sonings respecting  it  can  be  founded  only  on 
indirect  evidence.     The  processes  of  the  animal 
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economy,  where  the  channds  of  distribution, 
and  the  organs  of  propulsion  are  plainly  obser- 
vable, afford  but  imperfect  analogies  to  guide  us 
in  this  intricate  inquiry :  for  although  it  is  true 
that  in  the  higher  classes  of  animals  the  circula- 
tion of  the  nutrient  fluid,  or  blood,  through  dis- 
tinct vessels,  is  sufficiently  obvious,  yet  in  the 
lower  departments  of  the  animal  kingdom,  and 
in  the  embryo  condition  even  of  the  more  perfect 
species,  the  nutritious  juices  are  distributed  with- 
out being  confined  within  any  visible  vessels; 
and  they  either  permeate  extensive  cavities  in 
the  interior  of  the  body,  or  penetrate  through 
the  interstices  of  a  cellular  tissue.  That  this  latter 
is  the  mode  of  transmission  adopted  in  the  vege- 
table system  has  been  considered  probable,  from  the 
circumstance  that  the  nutritious  juices  are  diffused 
throughout  those  plants  which  contain  no  vessels 
whatsoever  with  the  same  facility  as  throughout 
those  which  possess  vessels ;  from  which  it  has 
been  concluded  that  vessels  are  not  absolutely 
necessary  for  the  performance  of  this  function . 
The  nature  of  the  forces  which  actuate  the  sap 
in  its  descent  from  the  leaves,  and  its  distribu- 
tion to  different  parts,  is  involved  in  equal  ob- 
scurity with  the  nature  of  the  powers  which 
contribute  to  its  motion  upwards  along  the  stem, 
from  the  roots  to  the  leaves.  In  endogenous 
plants  the  passage  of  the  sap  in  its  descent,  is,  in 
like  manner,  through   those  parts  which   have 
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been  latest  formed ;  that  is,  through  the  inner-' 
moet  layers  of  their  structure. 

The  returning  sap,  vhile  traversing  these  se- 
veni  parts  of  the  plant,  d^KWits  in  each  the  par- 
ticular materials  which  are  requimte  for  their 
growth,  and  for  their  maintenance  in  a  healthy 
condition.  That  portion  which  flows  along  the 
liber,  not  meeting  with  any  ascending  stream  of 
fluid,  descends  without  impediment  to  the  roots, 
to  the  extension  of  which,  after  it  has  nourished 
the  inner  layer  of  bark,  it  particularly  contri- 
butes :  that  portion,  on  the  other  hand,  which 
descends  along  the  alburnum,  meets  with  the 
stream  of  ascending  sap,  which,  during  the  day 
at  least,  is  rising  with  considerable  force.  A 
certain  mixture  of  these  fluids  probably  now 
takes  place,  and  new  modifications  are  in  conse- 
quence produced,  which,  from  the  intricacies  of 
the  chemical  processes  thus  conducted  in  the 
inner  recesses  of  vegetable  oiganization,  we  are 
utterly  baffled  in  our  attempts  to  follow.  All 
that  we  are  permitted  to  see  are  the  general  re- 
sults, namely  the  gradual  deposition  of  the  mate- 
rials of  the  future  alburnum  and  liber.  These 
materials  are  first  deposited  in  the  form  of  a 
layer  of  glutinous  substance,  termed  the  Cetm- 
bium;  a  substance  which  appears  to  consist  of 
the  solid  portion  of  the  sap,  precipitated  from  it 
by  the  separation  of  the  greater  part  of  the  water 
that  held  it  in  solution.  The  cambium  becomes 
in  process  of  time  more  and  more  consolidated, 


lyGOOgIC 


.RETUfiN  OF  THE  SAP.  41 

and  acquires  the  organization  proper  to  the  plant 
of  which  it  now  forms  an  integrant  part :  it  con- 
stitutes two  layers,  the  one,  belonging  to  the 
wood,  being  the  alburnum ;  the  other,  belonging 
to  the  bark,  being  the  liber. 

The  alburnum  and  the  liber,  which  hare  been 
thus  constructed,  perform  an  important  part  in  in- 
ducing ulterior  changes  on  the  nutrient  materials 
which  the  returning  sap  continues  to  supply. 
Their  cells  absorb  the  gummy  substance  from 
the  surrounding  fluid,  and  by  their  vital  powers 
effect  a  still  further  elaboration  in  its  compo- 
sition ;  convertii^  it  either  into  starch,  or  sugar, 
or  liguin,  according  to  the  mode  in  which  its 
constituent  elements  are  arranged.  Although 
these  several  principles  possess  very  different 
sensible  properties,  yet  they  are  found  to  differ 
but  very  slightly  in  the  proportions  of  their  in- 
gredients ;  and  we  may  infer  that  the  real  che- 
mical alterations,  which  are  required  in  order  to 
effect  these  conversions,  are  comparatively  slight, 
and  may  readily  take  place  in  the  simple  cellular 
tissue.* 

In  the  series  of  decompositions  which  are  arti- 

•  According  to  the  analyaea  of  Dr.  Prout,  the  following  is  the 
composition  of  these  subntances :  1000  parts  of 

Pure  Gum  Arabic  coosiat  of  586  of  oxygen  and  hydrogen, 

united  in  the  propocUons  in  which  they  eziat  in  water,  and 

414  of  carbon. 
Dried  Starch  or  Fecula  of  560  water,  and  440  carbon. 

Pure  crystallized  Sngar  ,.572 428 

Lignin  from  Boxwood  ...500 500 
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ficially  effected  in  the  laboratory  of  the  chemigt, 
it  has  been  found  that  gum  and  sugar  are  inter- 
mediate products,  or  states  of  transition  between 
'rorious  others ;  and  they  appear  to  be  peculiarly 
calculated,  from  their  great  solubility,  for  being 
easilyconveyedfromoneorgantoanother.  Starch, 
and  lignin,  on  the  other  hand,  are  compounds  of 
a  more  permanent  character,  and  especially 
adapted  for  being  retained  in  the  oi^ns.  Starch 
which,  though  soUd,  still  possesses  considerable 
solubility,  is  peculiarly  fitted  for  being  applied 
to  the  purposes  oS  nouridmient :  it  is  accord- 
ii^y  hoarded  in  magazines,  with  a  view  to 
future  employment,  beii^  to  vegetables,  what 
the  fat  is  to  animals,  a  resource  for  the  exigencies 
tliat  may  subsequently  arise.  With  this  inten- 
tion, it  is  carefully  stored  in  small  cells,  the  coats 
of  which  protect  it  from  the  immediate  dissolving 
action  of  die  surrounding  watery  sap,  but  allow  of 
the  penetration  of  this  fluid,  and  of  its  solution, 
when  the  demands  of  the  system  require  it.  The 
tuberous  root  of  the  potatoe,  that  invaluable  gift 
of  Providence  to  the  human  race,  is  a  remark- 
able example  of  a  magazine  of  nutritive  matter 
of  this  kind. 

The  lignin,  on  the  contrary,  is  deposited  with 
the  intention  of  forming  a  permanent  part  of  the 
v^etable  structure,  constituting  the  basis  of  the 
woody  fibre,  and  giving  mechanical  support  and 
strength  to  the  whole  fabric  of  the  plant.    These 
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latter  Btructures  may  be  compared  to  the  bones 
of  animals,  composiag  by  their  union  the  solid 
frame  woi^,  or  skeleton  of  the  oi^nized  system. 
The  woody  fibres  do  not  seem  to  be  capable  of 
&rther  alteration  in  the  living  vegetable,  and 
are  never,  under  any  circumstances,  taken  up 
and  removed  to  other  parts  of  the  system,  as  is 
the  case  with  nutritive  matter  of  a  more  conver- 
tible kind. 

The  sap  holds  in*  solution,  besides  carbona- 
ceous matter,  some  saline  compounds  and  a  few 
earthy  and  metallic  bases :  bodies  which,  in  how- 
ever minute  a  quantity  they  may  be  present, 
have  unquestionably  a  powerful  influence  in 
determining  certain  chemical  changes  among 
the  elements  of  organic  products,  and  in  im- 
parting to  them  peculiar  properties ;  for  it  is  now 
a  well  ascertained  fact  that  a  scarcely  sensible 
portion  of  any  one  ingredient  is  capable  of  pro- 
ducing important  differences  in  the  properties  of 
the  whole  compound.  An  example  occurs  in 
the  case  of  gold,  the  ductility  of  which  is  totally 
destroyed  by  the  presence  of  a  quantity  of  either 
antimony  or  lead,  so  minute  as  barely  to  amount 
to  the  two  thousandth  part  of  the  mass ;  and  even 
the  fumes  of  antimony,  when  in  the  neighbour- 
hood of  melted  gold,  have  the  power  of  destroy- 
ing its  ductility.*    In  the  experiments  made  by 
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Sir  John  Herachel  on  some  remarkable  motioDS 
excited  ID  fluid  conductors  by  the  transmission 
of  electric  currents,  it  was  found  that  minute 
portions  of  calcareous  matter,  in  some  instances 
lesSrthan  the  milHonth  part  of  the  whole  com- 
pound,, are  sufficient  to  communicate  sensible 
mechanical  motions,  and  definite  properties  to 
the  bodies  with  which  they  are  mixed.* 

As  Silica  is  among  the  densest  and  least  soluble 
of  the  earths,  we  might  naturally  expect  that 
any  quantity  of  it  taken  into  the  T^etable 
system  in  a  state  of  solution,  would  very  eaily 
be  precipitated  from  the  sap,  after  the  exhala- 
tion of  the  water  which  held  it  dissolved ;  and  it 
is  found,  accordingly,  that  the  greater  porticm  of 
this  silica  is  actually  deposited  in  the  leaves, 
and  the  parts  adjacent  to  them.  When  once 
deposited,  it  seems  incapable  of  being  again 
tak^i  up,  and  transferred  to  other  pairts,  or 
ejected  from  the  system :  and  hence,  in  course 
of  time,  a  considerable  accumulation  of  silicious 
particles  takes  place,  and  by  clogging  up  their 
cells  and  vessels,  tends  more  and  more  to  ob- 
struct the  passage  of  nourishment  into  these 
organs.  This  change  has  been  assigned  as  a 
principal  cause  of  the  decay  and  ultimate  des- 
truction of  the  leaves:  their  foot-stalks,  more 
espedally  suffering  from  this  obstruction,  perish, 

■  Philosophical  Transactions  for  1824,  p.  162. 
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and  occasion  the  detachment  of  the  leaves, 
which  thus  fall  off  at  the  end  of  each  season, 
making  way  for  those  that  are  to  succeed  them 
in  the  next. 


^  6.  Secretion  in '  Vegetables. 

While  the  powers  of  the  simpler  kinds  of  cells 
are  adequate  to  produce  iu  the  returning  sap  the 
modificationg  above  described,  by  which  it  is 
converted  into  gummy,  saccharine,  amylaceous, 
or  ligneous  products ;  there  are  other  cellular 
orgam,  endowed  with  more  extensive  powers  of 
chemical  action,  which  effect  still  greater  changes. 
The  nature  of  the  agents  by  which  these  changes 
are  produced  are  unknown,  and  are  therefore 
referred  generally  to  the  vital  energies  of  vege- 
tation; but  the  process  itself  has  been  termed 
Secretion,  and  the  organs  in  which  it  is  conducted, 
and  which  are  frequently  very  distinguishable 
as  separate  and  peculiar  structures,  are  called 
Glands.  When  the  products  of  secretion  are 
chemically  analysed,  the  greater  number  are 
found  to  contain  a  large  quantity  of  hydrogen, 
in  addition  to  that  which  is  retained  in  combi- 
nation with  oxygen  as  the  representative  of 
water :  this  is  the  case  with  all  the  oily  secre- 
tions, whether  they  be  fixed  or  volatile,  and  also 
with  those  secretions  which  are  of  a  resinous 
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quality.  Some,  on  the  contrary,  are  found  to 
have  an  excess  of  oxygen ;  and  this  is  the  condi- 
tion of  most  of  the  acid  secretions ;  while  others, 
again,  appear  to  have  acquired  an  addition  of 
nitr<^en. 

All  these  substances  have  their  respective  uses, 
although  it  may  frequently  be  difficiilt  to  assign 
them  correctly.  Some  are  intended  to  remain  per- 
manently inclosed  in  the  vesicles  where  they  were 
produced  ;  others  are  retained  for  the  purpose  of 
being  employed  at  some  other  time ;  while  those 
belonging  to  a  third  class  are  destined  to  be 
thrown  off  from  the  system  as  being  superfluous 
or  noxious  :  these  latter  substances,  which  are 
presently  to  be  noticed,  are  specially  designated 
as  excretions.  Many  of  these  fluids  find  their 
way  firom  one  part  of  the  plant  to  another,  with- 
out appearing  to  be  conducted  along  any  definite 
channels,  and  others  are  conveyed  by  vessels, 
which  appear  to  be  specially  appropriated  to  this 
office. 

The  following  are  examples  of  the  uses  to  which 
the  peculiar  secretions  of  plants  are  applied. 
Many  lichens,  which  fix  themselves  on  calcareous 
rocks,  such  as  the  Patellaria  immersa,  are  ob- 
served, in  process  of  time,  to  sink  deeper  and 
deeper  beneath  the  surface  of  the  rock,  as  if 
they  had  some  mode  of  penetrating  into  its  sub- 
stance, anal(^us  to  that  which  many  marine 
worms  are  known  to  possess.   The  agent  appears 
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in  both  mstances  to  be  an  acid,  vhich  here  is 
probably  the  oxalic,  Eicting  upon  the  carbonate 
of  lime,  and  producing  the  gradual  excaTation 
of  the  rock.  This  view  is  confirmed  by  the  ob- 
servation that  the  same  species  of  lichen,  when 
attached  to  rocks  which  are  not  calcareous,  re- 
mains always  at  the  surface,  and  does  not  pene- 
trate below  it. 

A  caustic  liquor  is  sometimes  collected  in 
vesicles,  situated  at  the  base  of  slender  hairs, 
having  a  canal  which  conducts  the  fluid  to  the 
point.  This  is  the  case  with  the  Nettle.  The 
slightest  pressure  made  by  the  hand  on  the  hairs 
growing  on  the  leaves  of  this  plant,  causes  the 
fluid  in  their  vesicles  to  pass  out  &om  their  points, 
so  as  to  be  instilled  into  the  skin,  and  occasion 
the  well  known  irritation  which  ensues.  M.  De 
Candolle  junior  has  ascertained  by  chemical 
tests  that  the  stinging  fluid  of  the  nettle  is  of  an 
alkaline  nature.  In  some  species  of  this  genus 
of  plants,  the  hairs  are  so  large  that  the  wiuAe 
mechanism  above  described  is  visible  to  the 
naked  eye.  This  apparatus  bears  a  striking  re- 
semblance to  that  which  exists  in  the  poisonous 
teeth  of  serpents,  and  which  is  hereafter  to  be 
described. 

As  the  resinous  secretions  resist  the  action  of 
water,  we  find  them  often  employed  by  nature 
as  a  means  of  effectually  defending  the  young 
buds  from  the  injurious  effects  of  moisture ;  and 
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for  a  similar  purpose  we  find  the  surface  of  many 
plants  covered  with  a  vami^  of  wax,  which  is 
another  secretion  helon^ng  to  the  same  class :  thus 
the  CeroxyUn,  and  the  Iriartea  bave  a  thick 
coating  of  wax,  covering  the  whole  of  their  stems. 
Sometimes  the  plant  is  strewed  over  with  a  bluish 
powder,  possessing  the  same  property  of  repelling 
water :  the  leaves  of  the  MesembryantkemMm,  or 
Fig-marigold,  of  the  Atriplex,  or  Orache,  and  of 
the  Srassica,  or  Cabbage,  may  be  given  as  ex- 
amples of  this  curious  provision.  Such  plants, 
if  completely  immersed  in  water,  may  be  taken 
out  without  being  wetted  in  the  slightest  d^;ree ; 
thus  presenting  us  with  an  analt^  to  the  plu- 
mage of  the  cygnet,  and  other  aquatic  birds, 
which  are  rendered  completely  water-proof  by 
an  oily  secretion  spread  over  their  surface. 
Many  aquatic  plants,  as  the  Batrachospei-mum, 
are,  in  like  manner,  protected  by  a  viscid  layer, 
which  renders  the  leaves  slippery  to  the  feel,  and 
which  is  impermeable  to  water. 

Several  tribes  of  plants  contain  liquids  that 
are  opaque,  and  of  a  white  milky  appearance ; 
this  is  the  case  with  the  Poppy,  the  Fig-tree,  the 
Convolvulus,,  and  a  multitude  of  other  genera ; 
and  a  similar  kind  of  juice,  but  of  a  yellow 
colour,  is  met  with  in  the  Ckelidontum,  or  Celan- 
dine. All  these  juices  are  of  a  resinous  nature, 
and  usually  highly  acrid,  and  even  poisonous  in 
their  qualities ;  and  their  opacity  is  occasioned 
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by  the  presence  of  a  great  number  of  minute 
globules,  visible  with  the  microscope.  The  vessels 
in  which  these  fluids  are  contained  are  of  a  pe- 
culiar kind,  and  exhibit  ramt6cations  and  junc- 
tions, resembling  those  of  the  blood  vessels  of 
animals.  We  may  also  discover,  by  the  aid  of 
the  microscope,  that  the  fluids  contained  in  these 
vessels  are  moving  in  currents  with  considerable 
rapidity,  as  appears  from  the  visible  motions  of 
their  globules ;  and  they  present  therefore  a  re- 
markable analogy  with  the  circulation  of  the 
blood  in  some  of  the  inferior  tribes  of  animals. 
This  curious  phenomenon  was  first  observed  in 
the  Chelidonium  by  Schultz,  in  the  year  1820 ; 
and  he  designated  it  by  the  term  Ct/chtsis,  in 
order  to  distinguish  it  from  a  real  circuiation,  if, 
on  farther  inquiry,  it  should  be  found  not  to  be 
entitled  to  the  latter  appellation.* 

The  circular  movements,  which  have  been 
thus  observed  in  the  milky  juices  of  plants,  have 
lately  attracted  much  attention  among  botanists: 
but  considerable  doubt  still  prevails  whether  these 
appearances  afford  sufficient  evidence  of  the 
existence  of  a  general  circulation  of  nutrient 
juices  in  the  vegetable  systems  of  those  plants 
which  exhibit  them  ;  for  it  would  appe&r  that  in 
reality  the  observed  motions  of  the  fluid,  are,  in 
every  case,  partial,  and  the  extent  of  the  circuit 

*  "  Die  Nfttur  der  lebendigen  PAanze."  See  alio  Annales 
del  Sciencea  Naturellet,  xxiii,  75. 
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very  limited.  The  cause  of  these  motions  is  not 
yet  known  ;  but  probably  they  are  ultimately 
referable  to  a  vital  contraction  of  the  vessels ;  for 
they  cease  the  moment  that  the  plant  has  re- 
ceived an  injury,  and  are  more  active  in  pro- 
portion as  the  temperature  of  the  atmosphere  is 
higher. 

These  phenomena  are  universally  met  with  in 
all  plants  that  contain  milky  juices ;  but  they 
have  also  been  observed  in  many  plants,  of  which 
the  juices  are  nearly  transparent,  and  contain 
only  a  few  floating  globules,  such  as  the  Chara, 
or  stone-w(»1,  the  Caulinia  fragilis,  he*  where 
the  double  currents  are  beautifully  seen  under 
tlie  microscope,  performing  a  complete  circulation 
within  the  spaces  of  the 
stem  that  lie  beween  two 
adj  acent  knots  or  j  oints ; 
end  where,  by  the  pro- 
per adjustment  of  the 
object,  it  is  easy  to  see 
at  one  view  both  the 
ascending  and  descend- 
ing streams  passing  on 
opposite  sides  of  the 
stem.  Fig.  239  shows 
this  circulation  in  the 
cells  of  the  Caulinia  fragilis  verj'  highly  magnified, 

*  Amict,  Annates  des  Sciences  Naturelles,  ii.  p.  41. 
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the  direction  of  the  streams  being  indicated  by 
the  arrows.  Fig.  240  represents  the  circulation 
in  one  of  the  jointed  hairs,  projecting  from  the 
cuticle  of  the  calyx  of  the  Tradescimtia  vir- 
gimcoy*  in  each  cell  of  which  the  same  circu- 
latory motion  of  the  fluids  is  perceptible. 


§  7.  Excretion  in  Vegetables. 

It  had  long  been  conjectured  by  De  Candi^e, 
that  the  superfluous  or  noxious  particles  contained 
in  the  returning  sap  are  excreted  or  thrown  out  by 
the  roots-  It  is  evident  that  if  such  a  process  takes 
place,  it  will  readily  explain  why  plants  render 
the  soil  where  they  have  long  been  cultivated 
less  suitable  to  their  continuance  in  a  vigorous 
condition,  than  the  soil  in  the  same  spot  was  origi- 
nally ;  and  also  why  plants  of  a  difleroit  species 
are  frequently  found  to  flourish  remEu-kably  well 
in  the  same  situation  where  this  apparent  dete- 
rioration of  the  soil  has  taken  place.  The  truth 
of  this  sagacious  conjecture  has  been  established 
in  a  very  satisfactory  manner  by  the  recent  ex- 
periments of  M.  Macaire.t    The  roots  of  the 

"  Rg.  239  is  taken  from  Amici,  and  Fig.  240  from  ^at  given 
by  Mr.  Slaok,  TraoB.  Soc.  Arts,  vol.  xlix. 

f  An  account  of  these  experiment!  was  first  published  in  the 
fifth  volume  of  the  "  M^moiKB  de  la  Sociite  de  Physique  et 
d'Htstoire  Naturelle  de  Geneve,"  and  repeated  in  the  "  Aanales 
des  Sciences  Naturelles,"  xxviii,  402. 
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Chondrilla  muralis  were  carefully  cleaned,  and 
immersed  in  Altered  rain  water:  the  water  was 
changed  every  two  days,  and  the  plant  continued 
to  flourish,  and  put  forth  its  blossoms:  at  the 
end  of  eight  days,  the  water  had  acquired  a 
yellow  tinge,  and  indicated,  both  by  the  smdl 
and  taste,  the  presence  of  a  bitter  narcotic  sub- 
stance, analogous  to  that  of  opium ;  a  result 
which  was  farther  confirmed  by  the  application 
of  chemical  tests,  and  by  the  reddish  brown  re- 
siduum obtained  from  the  water  by  evaporation. 
M.  Macaire  ascertained  that  neither  the  roots 
nor  the  stems  of  the  same  plants,  when  com- 
pletely detached,  and  immersed  in  water,  could 
produce  this  effect,  which  he  therefore  concludes 
is  the  result  of  an  exudation  from  the  roots,  con- 
tinually going  on  while  the  plant  is  in  a  state  of 
healthy  vegetation.  By  comparative  experiments 
on  the  quantity  of  matter  thus  excreted  by  the 
roots  of  the  French  bean  {Phaseolus  vulgaris) 
during  the  night  and  the  day,  he  found  it  to  be 
much  more  considerable  at  night ;  an  effect 
which  it  is  natural  to  ascribe  to  the  int^ruption 
in  the  action  of  the  leaves  when  they  are  deprived 
of  light,  and  when  the  corresponding  absorption 
by  the  roots  is  also  suspended.  This  was  con- 
firmed by  the  result  of  some  experiments  he 
made  on  the  same  plants  by  placing  them,  during 
day  time,  in  the  dark,  under  which  circumstances 
the  -excretion  from  the  roots  was  found  to  be 
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immediately  much  augmented :  but,  even  when 
exposed  to  the  light,  there  is  always  some  exu- 
dation, though  in  small  quantity,  going  on  from 
the  roots. 

That  plants  are  able  to  free  themselTes,  by 
means  of  this  excretory  process,  from  noxious 
materials,  which  they  may  happen  to  have  im- 
bibed through  the  roots,  was  also  proved  by  ano- 
ther set  of  experiments  on  the  Mercurialis  aunva, 
the  Senecio  vulgaris,  and  Brassica  campestris,  or 
common  cabbage.  The  roots  of  each  specimen, 
after  being  thoroughly  washed  and  cleaned,  were 
separated  into  two  bunches,  one  of  which  was 
put  into  a  diluted  solution  of  acetate  of  lead,  and 
the  other  into  pure  water,  contained  in  a  sepa- 
rate vesseL  After  some  days,  during  which  the 
plants  ccmtinued  to  v^etate  tolerably  well,  the 
water  in  the  latter  vessel  being  examined,  was 
found  to  contain  a  very  perceptible  quantity  of 
the  acetate  of  lead.  The  experiment  was  varied 
by  first  allowing  the  plant  to  remain  with  its 
roots  immersed  in  a  similar  solution,  and  then 
removing  it,  afl«r  careful  washing,  in  order  to 
free  the  roots  from  any  portion  of  the  salt  that 
might  have  adhered  to  their  surface,  into  a 
vessel  with  rain  water ;  after  two  days,  distinct 
traces  of  the  acetate  of  lead  were  afforded  by 
the  water.  Similar  experiments  were  made  with 
lime-water,  and  with  a'  solution  of  conunon  salt, 
instead  of  the  acetate  of  lead,  and  were  attended 
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with  the  like  results.  De  CandoUe  has  ascer- 
tained, that  certain  maritime  plants  which  yield 
soda,  andwhich  flourish  in  situations  very  distant 
from  the  coast,  provided  they  occasion^ly  re- 
ceive breezes  from  the  sea,  communicate  a  saline 
impregnation  to  the  soil  in  their  immediate  vi- 
cinity, derived  from  the  salt  which  they  doubt- 
less had  imbibed  by  the  leaves. 

Although  the  materials  which  are  thus  excreted 
by  the  roots  are  noxious  to  the  plant  which  rejects 
them,  and  woiUd  consequently  be  injurious  to 
other  individuals  of  the  same  species,  it  does  not 
therefore  fdlow  that  they  are  incapable  of  sup- 
plying salutary  nourishment  to  oth^  kinds  of 
plants :  thus  it  has  been  observed  that  the  StUi- 
earia  flourishes  particularly  in  the  vicinity  of  the 
willow,  and  the  Orobanche,  or  broom-rape,  in 
that  of  hemp.  This  fact  has  also  been  established 
experimentally  by  M.  Macaire,  who  found  that 
the  water  in  which  certain  plants  had  been  kept 
was  noxious  to  other  specimens  of  the  same 
species,  while,  on  the  other  hand,  it  produced  a 
more  luxuriant  vegetation  in  plants  of  a  dilSerent 
kind. 

This  feet  is  of  great  importance  in  the  theory 
of  agriculture,  since  it  perfectly  explaiiu  the 
advantage  derived  from  a  continued  rotation  of 
different  crops  in  tlie  %me  field,  in  increasing 
the  productiveness  of  the  soil.  It  also  gives  a 
satisfactory  explanation  of  the  curious  pheno- 
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menon  oi  faijy  rings,  as  they  are  called,  that  ia 
of  circles  of  dark  green  grass,  occurring  in  old 
pastures :  these  Dr.  Wollaatoa  baa  traced  to  the 
growth  of  successive  generations  of  certainyiui^', 
or  mushroinns,  spreading  from  a  central  point.* 
The  soil,  which  has  once  contributed  to  the  sup- 
port of  these  fiingi,  becomes  exhausted  or  dete- 
riorated with  respect  to  the  future  crops  of  the 
same  species,  and  the  plaots,  therefore,  cease 
to  be  produced  on  those  spots ;  the  second  year's 
crop  consequently  appears  in  the  space  of  a 
small  ring,  surrounding  the  original  centre  of 
T^etation ;  and  in  every  succeeding  year,  the 
deficiency  of  nutriment  on  one  side  necessarily 
causes  the  new  roots  to  extend  themselves  solely 
in  the  <^poeite  direction,  and  occasions  the  circle 
of  fimgi  continually  to  proceed  by  annual  en- 
lai^ement  from  the  centre  outwards.  An  appear- 
ance of  luxuriance  of  the  grass  follows  as  a  na- 
tural consequence ;  for  the  soil  of  an  interiw 
circle  will  always  be  enriched  and  fertilized  with 
respect  to  the  culture  of  grass,  by  the  decayed 
roots  of  fungi  of  the  preceding  years'  growth. 
It  oflen  happens,  indeed,  during  the  growth  of 
these  fungi,  that  they  so  completely  absorb  all 
nutriment  from  the  soil  beneath,  that  the  her- 
bage is  for  a  time  totally  destroyed,  giving  rise 
to  the  appearance  of  a  ring  bare  of  grass,  sur- 

•  Phil.  Trail*,  for  1807,  p.  133. 
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rounding  the  dark  ring ;  but  after  the  fungi  have 
ceased  to  appear,  the  soil  where  they  had  grown 
becomes  darker,  and  the  grass  Boon  regetates 
again  with  peculiar  vigour.  When  two  adjacent 
circles  meet,  and  interfere  with  each  other's  pro- 
gress, they  not  only  do  not  cross  each  other,  but 
both  circles  are  invariably  obliterated  between 
the  points  of  contact :  for  the  exhaustion  occa- 
sioned by  each  obstructs  the  prepress  of  the 
other,  and  both  are  starved.  It  would  appear 
that  different  species  of  fjingi  often  require  the 
same  kind  of  nutriment;  for,  in  cases  of  the  in- 
terference of  a  circle  of  mushrooms  with  another 
of  puff-balls,  still  the  circles  do  not  intersect  one 
another,  the  exhaustion  produced  by  the  one 
being  equally  detrimental  to  the  growth  of  the 
other,  as  if  it  had  been  occasioned  by  the  pre- 
vious v^fetation  of  its  own  species. 

The  only  final  cause  we  can  assign  for  the 
series  of  phenomena  constituting  the  nutritive 
functions  of  vegetables  is  the  formation  of  cer- 
tain organic  products  calculated  to  supply  suste- 
nance to  a  higher  order  of  beings.  The  animal 
kingdom  is  altogether  dependent  for  its  support, 
and  even  existence,  on  the  vegetable  world. 
Plants  appear  formed  to  bring  together  a  certain 
number  of  elements  derived  from  the  mineral 
kingdom,  in  order  to  subject  them  to  the  opera- 
tions of  vital  chemistry,  a  power  too  subtle  for 
human  science  to  detect,  or  for  human  art  to 
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imitate,  and  by  which  these  materials  are  com- 
bined into  a  variety  of  nutritiVe  substances.  Of 
these  substances,  so  prepared,  one  portion  is  con- 
sumed by  the  plants  tbemaelTes  in  maintaining 
their  own  structures,  and  in  devdoping  the  em- 
bryos of  those  which  are  to  repkice  them ;  another 
portion  serves  directly  as  food  to  various  races  of 
animals;  and  the  remainder  is  either  employed 
in  fertilizing  the  soil,  and  preparing  it  for  subse- 
quent and  more  extended  v^;etation,  or  else, 
buried  in  the  bosom  of  the  earth,  it  forms  part  of 
that  vast  magazine  of  combustible  matter,  des- 
tined to  benefit  future  communities  of  mankind, 
when  the  arts  of  civilization  shall  have  developed 
the  mighty  energies  of  human  power. 


Chapter  III. 

ANIMAL  NUTRITION  IN  GENERAL. 

^  1.  Food  of  Anunats. 

Nutrition  constitutes  no  less  important  a  part 
of  the  animal,  than  of  the  vegetable  economy. 
Endowed  with  more  energetic  powers,  and  en- 
joying a  wider  range  of  action,  animals,  com- 
pared with  plants,  require  a  considerably  larger 
supply  of  nutritive  materials  for  their  sustenance, 
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and  for  the  exercise  of  their  various  and  higher 
focultieB.  The  materials  of  animal  nutrition 
must,  in  all  cases,  have  previously  been  combiued 
in  a  peculiar  mode ;  which  the  powers  of  organ- 
ization alone  can  effect.  In  the  conversion  of 
v^etable  into  animal  matter,  the  piincipal 
changes  in  chemical  composition  which  the 
former  undergoes,  are,  first,  the  abstraction  of  a 
certain  proportion  of  carbon ;  and  secondly,  the 
addition  of  nitn^en.*  Other  changes,  however, 
less  easily  appreciable,  though  perhaps  as  im< 
portant  as  the  former,  take  place  in  greater 
quantity,  with  regard  to  the  proportions  of  saline 
earthy,  and  metallic  ingredients;  all  of  which, 
and  more  especially  iron,  exist  in  greater  quantity 
in  animal  than  in  vegetable  bodies.  The  former 
also  contain  a  larger  proportion  of  sulphur  and 
phosphorus  than  the  latter. 

The  equitable  mode  in  which  nature  dispenses 
to  her  innumerable  offspring  the  food  she  has 
provided  for  their  subsistence,  apportioning  to 

*  The  recent  researchea  of  MeiSTS.  Macaire  and  Marcet  tend 
to  establish  the  important  fact  that  both  the  cKyle  and  the  blood 
of  herbivorous  and  of  carnivorous  quadrupeds  are  identical  in  their 
chemical  composition,  in  as  far,  at  least,  as  concerns  their  ulti- 
mate analysis.  They  fonnd,  in  particular,  the  same  proportion 
of  nitrogen  in  the  chyle,  whatever  kind  of  food  the  animal  habi- 
tually consumed  :  and  it  was  also  the  same  in  the  blood,  whether 
of  carnivorous  or  herbivorous  animals ;  although  this  last  fluid 
contains  more  nitrogen  than  the  chyle.  {M^moires  dc  la  Socifti 
dt  fhynque  et  fTHutoire  Nahirelle  de  Qtnivt,  v.  389.) 
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each  the  quantity  and  the  kind  moat  consonant 
to  enlarged,  views  of  pro^jective  beneficence,  is 
calculated  to  excite  our  highest  wonder  and 
admiration.  While  the  waste  is  the  smallest 
posBible,  we  find  that  nothing  which  can  affiird 
nutriment  is  wholly  lost.  There  is  no  part  of  the 
organized  structure  of  an  animal  or  vegetable, 
however  dense  its  texture,  or  acrid  its  qualities, 
that  may  not,  under  certain  circumstances,  be- 
ciHiie  Uie  food  of  some  species  of  insect,  or  con- 
tribute in  some  mode  to  the  support  of  animal 
Ufe.  The  more  succulent  parts  of  plants,  such 
as  the  leaves,  or  softer  stems,  are  the  principat 
sources  of  nourishment  to  the  greater  number  of 
larger  quadrupeds,  to  multltiudes  of  insects,  as 
well  as  to  numerous  tribes  of  other  animals. 
Some  plants  are  more  particularly  assigned  as  the 
appropriate  nutriment  of  particular  species, which 
would  perish  if  these  ceased  to  grow  :  thus  the 
silkworm  subsists  almost  exclusively  upon  the 
leaves  of  the  mulberry  tree;  and  many  species  of 
caterpillars  are  attached  each  to  a  particular 
plant  which  they  prefer  to  all  others.  There  are 
at  least  fifty  different  species  of  insects  that  feed 
upon  the  common  nettle ;  and  plants,  of  which  the 
juices  are  most  acrid  and  poisonous  to  the  gene- 
rality of  animals,  such  as  Euphorbtum,  Heabane, 
and  Nightshade,  afford  a  wholesome  and  deli- 
cious food  to  others.  Innumerable  tribes  of  ani- 
mals subsist  upon  fruits  and  seeds ;  while  others 
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feast  upon  the  jnic^s  which  they  extract  from 
flowers,  or  other  parts  of  plants ;  others,  again, 
derive  thar  principal  nourishment  from  the  hard 
fibres  of  the  bark  or  wood. 

Still  more  general  is  the  consumption  of  animal 
matter  by  various  animals.  Every  class  has 
its  carnivorous  tribes,  which  consume  living  prey 
of  every  denomination ;  some  being  formed  to 
devour  the  flesh  of  the  larger  species,  whether 
quadrupeds,  birds,  or  fish  ;  others  feeding^  on 
reptiles  or  moUusca,  and  some  satisfying  their 
appetite  with  insects  alone.  The  habits  of  the 
more  diminutive  tribes  are  not  less  predatory 
and  voracious  than  those  of  the  lai^er  quad- 
rupeds; for  the  spiders  on  the  land,  and  the 
Crustacea  in  the  sea,  are  but  representatives  of 
the  lions  and  tigers  of  the  forest,  displaying  an 
equally  ferocious  and  insatiable  rapacity.  Other 
famiUes,  again,  generally  of  still  smaller  size,  are 
designed  for  a  parasitic  existence,  their  organs 
being  fitted  only  for  imbibing  the  blood  or  juices 
of  other  animals. 

No  sooner  is  the  signal  given,  on  the  death  of 
any  large  animal,  Uian  multitudes  of  every  claw 
hasten  to  the  spot,  eager  to  partake  of  the  repast 
which  nature  has  prepared.  If  the  carcass  be 
not  rapidly  devoured  by  rapacious  birds,  or  car- 
nivorous quadrupeds,  it  never  fails  to  be  soon 
attacked  by  swarms  of  insects,  which  speedily 
consume  its  softer  textures,   leaving   only   the 
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boDes.*  These,  again,  are  the  iavourite  repast 
of  the  HyEena,  whose  powerful  jaws  are  pecu- 
liarly formed  for  grinding  them  into  powder, 
and  whose  stomach  can  extract  from  them  an 
abundant  portion  ttf  nutriment.  N<f  less  ^>eedy 
is  the  work  of  demolition  among  the  inha- 
bitants of  the  waters,  where  innumerable  fishes, 
Crustacea,  annelida,  and  mollusca  are  On  the 
watch  to  devour  all  dead  animal  matter  which 
may  come  within  their  reach.  The  consumption 
of  decayed  Tegetables  is  not  quite  so  speedily 
accomplished  ;  yet  these  also  afibrd  an  ample 
store  of  nourishment  to  hosts  of  minuter  beings, 
less  conspicuous,  perhaps,  but  performing  a  no 
less  important  part  in  the  economy  of  the  creation. 
It  maybe  observed  that  most  of  the  insects  which 
feed  on  decomposing  materials,  whether  animal 
or  vegetable,  consume  a  much  larger  quantity 
than  they  appear  to  require  for  the  purposes  of 
nutrition.  We  may  hence, infer  that  in  their 
formation  other  ends  were  contemplated,  besides 


*  So  Btrong^y  was  'linneeus  impreased  with  the  immensity  of 
the  K&le  OD  which  theae  woHts  of  demolition  by  inaecU  ue 
carried  on  in  nature,  that  he  used  to  maintain  that  the  carcass 
of  a  dead  horse  would  not  be  devoured  with  the  same  celerity 
by  a  lion,  as  it  would  be  by  three  flesh  flies  {Muica  vomitoria)  and 
their  immediate  pn^ny :  for  it  is  known  that  one  female  fly  will 
give  biith  to  at  least  20,000  young  larrte,  each  of  which  will,  in 
the  course  of  a  day,  devour  so  much  food,  and  ^ow  bo  rapidly, 
as  to  acquire  an  increase  of  two  hundred  times  its  weight;  and 
a  few  days  are  sufficient  to  the  production  of  a  third  generation. 
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their  own  individual  existence.  They  seem  ae 
if  couimisBioned  to  act  as  the  scavengers  of  organic 
matter,  destined  to  clear  away  all  those  particles, 
of  which  the  continued  accumulation  would  have 
tainted  the  atmosphere  or  the -waters  with  infec- 
tion, and  spread  a  wide  extent  of  desolation  and 
of  death. 

In  taking  these  general  surreys  of  the  plans 
adopted  by  nature  for  the  universal  subsistence 
of  the  objects  of  her  bounty,  we  cannot  help  ad- 
miring how  carefully  she  has  provided  the  means 
for  tumii^  to  the  best  account  every  particle  of 
each  product  of  organic  life,  whether  the  material 
be  consumed  as  food  by  animals,  or  whether  it 
be  bestowed  upon  the  soil,  reappearing  in  the 
substance  of  some  plant,  and  being  in  this  way 
made  to  contribute  eventually  to  the  same  ulti- 
mate object,  namely,  the  support  of  animal  life. 

But  we  may  carry  these  views  still  farther, 
and  following  the  ulterior  destination  of  the 
minuter  and  unheeded  fragments  of  decomposed 
organizations,  which  we  might  conceive  had  been 
cast  away,  and  lost  to  all  usefiil  purposes,  we 
may  trace  them  as  they  are  swept  down  by  the 
rains,  and  deposited  in  pools  and  lakes,  amidst 
waters  collected  from  the  soil  on  every  side. 
Here  we  find  them,  under  favourable  circum- 
stances, again  partaking  of  animation,  and  in- 
vested with  various  forms  of  infusoiy  animalcules, 
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which  sport  in  countless  myriads  their  ephemeral 
existence  within  the  ample  regions  of  every  drop. 
Yet  even  these  are  still  qualified  to  fulfil  other 
objects  in  a  more  distant  and  lar  wider  sphere ; 
for,  borne  along,  in  the  course  of  time,  by  the 
rivers  into  which  they  pass,  they  are  at  length 
conveyed  into  the  sea,  the  great  receptacle  of  all 
the  particle  that  are  detached  from  the  objects 
on  land.  Here  also  they  float  not  uselessly  in 
the  vast  abyss,  but  contribute  to  maintain  in  ex- 
istence incalculable  hosts  of  animal  beings,  which 
people  every  portion  of  the  wide  expanse  of 
ocean,  and  which  rise  in  regular  gradation  firom 
the  microscopic  monad,  and  scarcely  visible 
medusa,*  through  endless  tribes  of  mollusca,  and 
of  fishes,  up  to  the  huge  Leviathan  of  the  deep. 

Not  even  are  these  portions  of  oi^nic  matter, 
which,  in  the  course  of  decomposition,  escape  in 
the  form  of  gases,  and  are  widely  difiiised  through 
the  atmosphere,  wholly  lost  for  the  uses  of  living 
nature :  for,  in  course  of  time,  they,  also,  as  we 
have  seen,  re-enter  into  the  v^etable  system, 
resuming  the  solid  form,  and  reappearing  as 
o^anic  products,  destined  again  to  run  through 

•  The  immensity  of  the  numbera  of  these  microscopic  meduaffi, 
which  people  every  region  of  the  ocean,  may  be  jodged  of  fiY>iu 
the  phenomenon  of  the  phosphorescent  light  which  is  so  fK- 
quentif  enhibiled  by  the  sea,  when  agitated,  and  which,  as  I  have 
already  observed,  is  found  to  arise  from  the  pieseoce  of  an  incal- 
cnlable  multitude  of  these  minute  animals. 
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the  same  never  ending  cycle  of  viciBsitudea  and 
transmutations. 

The  diffusion  of  animals  over  wide  r^lons  of 
the  globe  is  a  consequence  of  the  necessity  which 
prompts  them  to  search  for  subsistence  wherever 
food  is  to  be  met  with.  Thus  while  the  v^etation 
of  each  different  climate  is  regulated  by  the  sea- 
sons, herbivorous  animals  are  in  the  winter  forced 
to  migrate  from  the  colder  to  the  milder  r^ons, 
where  they  may  find  the  pasturage  they  require; 
and  these  migrations  occasion  corresponding 
movements  among  the  predaceous  tribes  which 
subsist  upon  them.  Thus  are  continual  inter- 
changes produced,  contributing  to  colonise  the 
earth,  and  extend  its  animal  population  over 
every  habitable  district.  But  in  all  these  changes 
we  may  discern  the  ultimate  relation  they  ever 
bear  to  the  condition  of  the  vegetable  world,  , 
which  is  placed  as  an  intermediate  and  necessary 
link  between  the  mineral  and  the  animal  king- 
doms. All  those  regions  which  are  incapable  of 
supporting  an  extensive  vegetation,  are,  on  that 
account,  unfitted  for  the  habitation  of  animals. 
Such  are  the  vast  continents  of  ice,  which  spread 
around  the  poles ;  such  are  the  immense  tracts 
of  snow  and  of  glaciers,  which  occupy  the  sum- 
mits of  the  highest  mountain  chains ;  and  such 
is  the  wide  expanse  of  sand,  which  covers  the 
lai^est  portions  both  of  Africa  and  of  Asia :  and 
often  have  we  heard  of  the  sunken  spirits  of  the 
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travelleT  through  the  weary  desert,  firam  the 
appalling  silence  that  reigns  over  those  regions  of 
eternal  desolation ;  but  no  sooner  is  his  eye 
refreshed  by  the  reappearance  of  v^etation, 
than  he  again  traces  the  footsteps  and  haunts  of 
animals,  and  welcomes  the  cheering  soond  of 
sensitiTe  beings. 

The  kind  of  food  which  nature  has  assigned 
to  each  particular  race  of  animals  has  an  impor- 
tant influence,  not  merely  on  its  internal  organ- 
ization, but  also  on  its  active  powers  and  dispo- 
sition ;  for  the  faculties  of  animals,  as  well  as 
their  structure,  have  a  close  relation  to  Uie  cir- 
cumstances connected  with  their  subustence, 
such  as  the  abundance  of  its  supply,  the  facility 
of  procuring  it,  the  dangers  incurred  in  its  search, 
and  the  opposition  to  be  overcome  before  it  can 
be  obtained.  In  those  animals  whose  food  lies 
generally  within  their  reach,  the  active  powers 
acquire  but  little  developement :  such,  for  in- 
stance, is  the*  condition  of  herbivorous  quad- 
rupeds, whose  repast  is  spread  every  where  in 
rich  proAision  beneath  their  feet ;  and  it  is  the 
chief  biuintoe  of  their  lives  to  OTop  the  flowery 
mead,  and  repose  on  the  same  spot  which  afibnts  . 
them  the  means  of  support.  Predaceous  animals, 
on  the  contrary,  being  prompted  by  the  calls  of 
appetite  to  wage  war  with  living  beings,  are  formed 
for  a  more  active  and  martial  career ;  their  mus- 
cles are  more  vigorous,  their  bones  are  stronger, 

VOL.  II.  p 
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their  limbs  more  robust,  their  senses  more  deli- 
cate and  acute.  What  sight  can  compare  with 
that  of  the  eagle  and  the  lynx  ;  what  scent  can 
]be  more  exquisite  than  that  of  the  wolf  and  the 
jackall  ?  All  the  perceptions  of  carniTorous  ani- 
mals are  more  accurate,  their  sagaci^  embraces 
a  greater  variety  of  objects,  and  in  feats  of 
strength  and  agility  they  far  surpass  the  herbi- 
vorous tribes.  A  tiger  will  take  a  spring  of  fif- 
teen or  twenty  feet,  and  seizing  upon  a  bufi^Q, 
will  carry  it  with  ease  on  its  back  through  a 
dense  and  tangled  thicket :  with  a  single  blow 
of  its  paw  it  will  break  the  back  of  a  bull,  or 
tear  open  the  flanks  of  an  elephant.  . 

Wbile  herbivorous  animals  are  almost  con- 
stantly employed  in  eating,  carnivorous  animals 
are  able  to  endure  abstinence  for  a  great  length 
of  time,  without  any  apparent  diminution  of  their 
strength :  a  horse  or  an  ox  would  sink  under 
the  exhaustion  consequent  upon  fasting  for  two 
or  three  days,  whereas  the  wolf  dnd  the  martin 
have  been  known  to  live  fifteen  days  without 
£Md,  and  a  single  meal  will  suffice  them  for  a 
whole  week.  The  calls  of  hunger  produce  on 
each  of  these  classes  of  animals  the  most  opposite 
efiiects.  Herbivorous  animals  are  rendered  weak 
and  faint  by  the  want  of  food,  but  the  tiger  is 
roused  to  the  full  energy  of  his  powers  by  the 
cravings  of  appetite ;  his  strength  and  courage 
are  never  so  great  as  when  he  is  nearly  iamished. 
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and  he  rushes  to  the  attack,  reckless  of  conse- 
qnences,  and  undismayed  by  the  number  or 
force  of  his  opponents.  From  the  time  he  has 
tasted  blood,  no  education  can  soften  the  native 
ferocity  of  his  disposition  :  he  is  neither  to  be 
reclaimed  by  kindness,  nor  subdued  by  the  fear 
of  punishment.  On  the  other  hand,  the  elephant, 
subsisting  upon  the  vegetable  productions  of  the 
forest,  superior  in  size  and  even  in  strength  to 
the  tiger,  and  armed  urith  as  powerful  weapons 
of  offence,  which  it  wants  not  the  courage  to  em- 
ploy when  necessary,  is  capable  of  being  tamed 
with  the  greatest  ease,  is  readily  brought  to 
submit  to  the  authority  of  man,  and  requites 
with  affection  the  benefits  he  receives. 

On  first  contemplating  this  extensive  destruc- 
tion of  animal  life  by  modes  the  most  cruel  and 
revolting  to  all  our  feelings,  we  naturally  recoil 
with  horror  from  the  sanguinary  scene  ;  and 
(»nnot  refirain  from  asking  how  all  this  is  consis- 
tent with  the  wisdom  and  benevolence  so  conspi- 
cuously manifested  in  all  other  parts  of  the  crea- 
tion. The  best  theologians  have  been  obliged 
to  confess  that  a  difficulty  does  here  exist,*  and 
that  the' only  plausible  solution  which  it  admits 
of,  is  to  consider  the  pain  and  suffering  thus 
created,  as  one  of  the  necessary  consequences  of 
those  general  laws  which  secure,  on  the  whole, 

*  See,  in  particular,  Paley's  Natural  Theolo^,  chap,  xxvi. 
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Ute  greatest  and  most  permanent  good,  lliere 
can  be  do  doubt  that  the  scheme,  by  which  one 
animal  is  made  directly  conduciTe  to  the  subsis- 
tence' of  another,  leads  to  the  extension  of 
the  benefits  of  existence  to  an  infinitely  greater 
number  of  beings  than  could  otherwise  have  en- 
joyed them.  This  system,  besides,  is  the  spiing 
of  motion  and  activity  in  every  part  of  nature. 
While  the  pursuit  of  its  prey  forms  the  occupa- 
tion, and  constitutes  the  pleasure  of  a  considerable 
part  of  the  animal  creation,  the  employment  oi 
the  means  they  possess  of  defence,  of  flight,  and 
of  precaution  is  also  the  business  of  a  still  lai^r 
part.  These  means  are,  in  a  great  proportion  of 
instances,  successful ;  for  wherever  nature  has  in- 
spired sagacity  in  the  perception  of  danger,  she 
has  generally  bestowed  a  proportionate  degree  of 
ingenuity  in  devising  the  means  of  safety.  Some 
are  taught  to  deceive  the  enemy,  and  to  employ 
stratagem  where  force  or  swiftness  would  have 
been  unavailing :  many  insects,  when  in  danger, 
counterfeit  death  to  avoid  destruction ;  others, 
among  the  myriapoda,  fold  themselves  into  the 
smallest  possible  compass,  so  as  to  escape  detec- 
tion. The  tortoise,  as  we  have  already  seen, 
retreats  within  its  shell,  as  within  a  fortress ;  the 
hedge-h(^  rolls  itself  into  a  ball,  presenting 
bristles  on  every  side ;  the  diodon  inflates  its 
globular  body  for  the  same  purpose,  and  floats 
on  the  sea,  armed  at  all  the  points  of  its  surface ; 
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the  cuttle-fish  screens  itself  from  pursuit  by  efiu- 
sing  aa  intensely  dark  coloured  ink,  which  renders 
the  surrounding  waters  so  black  and  turbid  as  to 
conceal  the  animal,  and  faroiir  its  escape;  the 
torpedo  ddends  itself  from  molestation  by  reite- 
rated discharges  from  its  electric  battery ;  the 
butterfly  avoids  capture  by  its  irr^ular  move- 
ments in  the  air,  and  the  hare  puts  the  hounds 
at  fault  by  her  mazy  doublings.  Thus  does 
the  animated  creation  present  a  busy  scene 
of  activity  and  employment :  thus  are  a  variety 
of  powere  called  forth,  and  an  infinite  diversity 
of  pleasures  derived  from  their  exercise;  and 
existence  is  on  the  whole  rendered  the  source  of 
incomparably  higher  degrees,  as  well  as  of  alarger 
amount  of  enjoyment,  tiian  appears  to  have  been 
compatible  with  any  other  imaginable  system. 


§  2.  Series  of  Vital  Functions. 

In  the  animal  eccmomy,  as  in  the  vegetable,  the 
vital,  or  nutritive  functions  are  divisible  into  seven 
kinds,  namely,  Assimilation,  Circulation,  Respi- 
ration, Secretion,  Excretion,  Absorption,  and 
Jd^utrition  ;  some  of  which  even  admit  of  farther 
subdivision.  This  is  the  case  more  particularly 
with  the  processes  of  aBsimilation,  which  are 
generally  numerous,  and  require  a  very  compli- 
cated apparatus  for  acting  on  the  food  in  all  the 
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Stages  of  its  oonTersion  into  blood,  a  fluid  which, 
like  the  returning  sap  of  [^ants,  coDsists  of  nutri- 
ment in  its  completely  assimilated  state.  It  wiU 
be  necessary,  therefore,  to  enter  into  a  more  par- 
ticular examiaatioD  of  the  objects  of  these  diffe- 
reot  processes. 

In  the  more  perfect  structures  belonging  to 
the  higher  orders  of  animals,  contrivances  mast 
be  adopted,  and  organs  provided  for  seiung  the 
appropriate  food,  and  conveying  it  to  the  mouth. 
A  mechanical  apparatus  must  there  be  placed 
for  effecting  that  minute  Bubdivision,  which  is 
necessary  to  prepare  it  for  the  action  of  the  che- 
mical ^[euts  to  which  it  is  afterwards  to  be  sub- 
jected. From  the  mouth,  after  it  has  been 
sufficiently  masticated,  and  softened  by  fluid 
secretions  prepared  by  neighbouring  ^ands,  the 
food  must  be  conveyed  into  an  interior  cavity, 
called  the  Stomach,  *where,  as  in  a  chanical 
laboratory,  it  is  made  to  tmdeigo  the  particular 
change  which  results  ftom  the  operation  termed 
Digestion.  The  digested  food  must  thence  be 
conducted  into  other  chamben,  composing  the 
intestinal  tube,  where  it  is  converted  into  Chyle, 
which  is  a  milky  fluid,  consisting  wholly  of 
nutritious  matter.  Vessels  are  then  provided, 
which,  like  the  roots  of  plants,  drink  up  this 
prepared  fluid,  and  convey  it  to  other  cavities, 
capable  of  imparting  to  it  a  powerful  impulsive 
force,  and  of  distributing  it  through  appropriate 
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cfaannelB  of  circulation,  not  only  to  the  respi- 
ratory organs,  where  its  elaboration  is  completed 
by  the  influence  of  atmospheric  air,  but  also  to 
all  cfther  parts  of  the  system,  where  such  a  supply 
is  required  for  their  mainteoaiice  in  the  liring 
state.  The  objects  of  these  subsequent  iunctions, 
many  of  which  are  peculiar  to  animal  life,  have 
idready  been  detailed.* 

This  BubdiTision  of  the  assimilatory  procesBes 
occoiB  only  in  the  higher  classes  of  animals,  for 
in  proportion  as  we  descend  in  the  scale,  we 
find  them  more  and  more  simplified,  by  the  con- 
centration of  organs,  and  the  nnion  of  many  offices 
in  a  single  organ,  till  we  arrive,  in  the  vary  lowest 
orders,  at  little  more  than  a  simple  digestive 
cavity,  peri<Hrming  at  once  the  iunctions  of  the 
stomach  and  of  the  heart ;  without  any  distinct 
circulation  of  nutrient  juices,  without  vessels, — 
nay  without  any  aj^arent  blood.  Long  after 
all  the  other  organs,  such  as  the  skeleton,  whe- 
ther int^nal  or  external,  the  muscular  and  ner- 
t6us  systems,  the  glands,  vessels,  and  organs  of 
sense,  have  one  after  another  disappeared,  we 
still  cotttimie  to  find  the  digestive  cavity  retaineti, 
as  if  it  constituted  the  most  important,  and  only 
indispensable  organ  of  the  whole  system. 

The  possession  of  a  stomach,  then,  is  the  pecu- 
liar characteristic  of  the  animal  system  as  con- 

*  Seedte  fint  chapter  of  thin  rolurae,  p.  II. 
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trasted  with  ihat  of  vcgetablee.  It  is  a  distiaetire 
ciiteiioa  that  applies  even  to  the  lowest  tmleTa 
of  zot^hytes,  which,  iu  other  respects,  are  so 
nearly  allied  to  plants.  It  extends  to  all  insects, 
howerer  diminutire ;  and  eren  to  the  nunutest 
of  the  microscopic  animalcales.* 

The  mode  in  which  the  food  is  rec^Ted  into 
the  body  is,  in  general,  vary  different  in  the  two 
wganized  kingdoms  of  nature.  Plants  receiTe 
their  nourishiuMit  by  a  slow,  bat  neariy  constant 
B^ipp'yt  ''^  bave  no  receptacle  for  c<rileoting  it 
at  its  immetUate  entry ;  the  sap,  as  we  have 
seefi,  passing  at  once  into  the  cellular  tissue  of 
the  plant,  where  the  process  of  its  gradual  elabcH 
mtion  is  commenced.  Animals,  on  the  other 
hand,  are  capable  of  receiving  at  <noe  large 
supplies  of  food,  in  consequence  of  having  an  in- 
ternal cavity,  adapted  for  the  immediate  recep- 
tioa  of  a  considerable  quantity.  A  vegetiAle 
may  be  said  to  bdong  to  the  spot  fnnn  which  it 
imbibes  its  nooiishmeDt,  and  the  surrounding 
soil,  into  which  its  absorbing  roots  are  spread 
on  every  side,  may  almost  be  coiHtdered  as  a 
part  of  its  system.     But  an  animal  has  all  its 


•  In  nmeapecieaof  BDimabbelongingto  the  tribeof  roedass, 
u  ibe  Badora,  BMrtnicM,  Orydua,  Fatomia,  Lifmnoria,  ^d 
Oeryoma,  iw  cuitral  c&vitjr  coneaponding  to  a  atomacli  has  beea 
diacovered :  they  appear,  therefore,  to  constitute  an  exception  to 
the  general  rule.  See  P^d,  Annates  de  Museum,  xiv.  227  and 
326. 
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o^aiiB  oS  assimilation  irithin  itaelf,  and  haTing 
receptacles  in  which  it  can  lay  in  a  store  of 
pTovisions,  it  may  be  said  to  be  nourished  firom 
within ;  for  it  is  from  these  interin*  receptacles 
that  the  btcteals,  or  absorbing  vessels,  corres- 
ponding in  their  office  to  the  roots  of  vege- 
tables, imbibe  nourishment.  Important  conse-' 
quencesflow  fr(Ha  this  plan  of  etmctute ;  for  since 
animaU  are  thus  enabled  to  snlMUSt  fw  a  certain 
interval  without  needing  any  fresh  supply,  they 
are  independait  of  local  situatiim,  and  may  enjoy 
the  privilege  of  moving  £rau  place  to  place. 
Such  a  power  tii  locomotion  was,  indeed,  abso- 
li^y  neoessary  to  beings  which  have  their  sub- 
sistence to  seek-  It  is  this  necessity,  agmn, 
which  calls  for  the  continued  exercise  of  their 
•Mkaea,  intdligence,  and  mwe  active  energies; 
and  that  lead,  in  a  wmd,  to  the  possession  of  all 
those  higher  powers,  which  raise  them  so  iar 
above  the  levd  of  the  vegetaUe  creatiMi. 
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Chaptek  IV. 

Nutrition  in  the  lower  Orders  of  Animais. 

The  animals  which  belong  to  the  order  of  polypi 
preeent  us  with  the  simplest  of  all  possible  forms 
of  autritive  oi^ds.  The  hydra,  for  instance, 
which  may  be  taken  as  the  type  of  this  formation, 
consiBts  of  a  mere  stomach,  provided  with  the 
simplest  instruments  for  catching  food, — and  no- 
thing more.  A  simple  sac,  or  tube,  adapted  to 
receive  and  digest  food,  is  the  only  visible  organ 
of  the  body.  It  exhibits  not  a  trace  of  either 
brain,  nerves,  or  orguis  of  sense,  nor  any  part 
corresponding  to  lungs,  heart,  or  even  vessels 
of  any  sort ;  all  these  organs,  so  essential  to 
the  maintenance  of  life  in  other  animals,  being 
here  dispensed  with.  In  the  mt^nified  view  of 
the  hydra,  exhibited  in  Fig.  241, 
the  cavity  into  which  the  food  is 
2d  received  and  digested  is  laid  opoi 

by  a  longitudinal  section,  so  as 
to  show  the  comparative  thick- 
ness of  the  walls  of  this  cavity. 
The  stnicture  of  these  walls  must 
be  adapted  not  only  to  prepare 
and  pour  out  the  fluids  by  which  the  food  is  di- 
gested, but  also  to  allow  of  the  transiRlation 
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through  its  substance,  probably  by  means  of  in- 
visible pores,  (if  the  nutritious  particles  thus  ex- 
tracted from  the  food,  for  the.purpose  of  its  being 
incorporated  and  identified  with  the  gelatinous 
pulp,  of  which  the  body  aj^iears  wholly  to  ccmsist. 
The  thinness  and  transparency  of  the  walls  of 
this  cavity  allow  of  our  distinctly  fdlowing  these 
changes  by  the  aid  of  the  microscope.  -  Trembley 
watched  them  with  unwearied  perseverance  for 
days  together,  and  has  given  the  following  ac- 
count of  his  observations.  The  hydra,  though  it 
does  not  pursue  the  animals  on  which  it  feeds, 
yet  devours  with  avidity  all  kinds  of  Hvii^  prey 
that  come  within  the  reach  of  its  tentacula,  and 
which  it  can  overcome  and  introduce  into  its 
month.  The  larvee  of  insects,  naides,  and  other 
aquatic  worms,  minute  Crustacea,  and  even  small 
fishes,  are  indiscriminately  laid  hold  of,  if  they 
b^pen  but  to  touch  any  part  of  the  long  fila- 
ments which  the  animal  spreads  ont,  in  diflferent 
directions,  tike  a  net,  in  search  of  food.  The 
struggles  of  the  captive,  which  finds  itself  en- 
tangled in  the  folds  of  these  tentacula,  are  gene- 
rally ineffectual,  and  the  hydra,  like  the  boa 
constrictor,  contrives,  by  enormously  expanding 
its  month,  slowly  to  draw  into  its  cavity  ani- 
onals  much  lai^er  than  its  own  body.  Worms 
longer  than  itself  are  easily  swallowed  by  being 
{Heviously  doubled  together  by  the  tentacula. 
Fig.  342  shows  a  hydra  in  the  act  of  devouring 
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the  Teniuf(H*m  larva  of  a  Tipula,  which  it  has 
encircled  with  its  tentacula,  to  which  it  has 


'**¥^    243 


mpplied  its  expanded  mouth,  and  of  which  it  is 
absorbing  the  juice,  before  swallowing  it.  Fig. 
243  diows  the  same  animal  after  it  has  suc- 
ceeded, though  not  without  a  severe  contest,  in 
swallowing  a  minnow,  or  other  small  fish,  the 
iwm  of  which  ia  still  visible  through  the  trans^ 
parent  sides  of  the  body,  which  are  stretched  to 
the  utmost.  It  occasionally  happens,  when  two 
of  these  animals  have  both  seized  the  same  object 
by  its  different  ends,  that'  a  struggle  between 
tiiem  ensues,  and  that  the  strongest,  having  ob- 
tained the  victory,  swallows  at  a  single  gulp,  not 
only  the  object  of  contentitm,  but  its  antagonist 
also.  This  scene  is  represented  in  Fig.  244, 
where  the  tail  of  the  hydra,  of  which  the  body 
has  been  swallowed  by  the  victor,  is  seen  pro- 
truding frran  the  mouth  of  the  latter.  It  soon, 
however,  extricates  itself  firom  this  situation. 
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apparently  without  having  suffered  the  smallest 
injury.  The  voracity  of  the  hydra  is  very  great, 
especially  after  long  fasting ;  and  it  will  then 
devour  a  great  number  of  insects,  one  after  ano- 
ther, at  one  .meal,  gorging  itsdf  till  it  can  hold 
no  more,  and  its  body  becoming  dilated  to  an 
extraordinary  size :  and  yet  the  same  animal  can 
continue  to  live  for  more  than  four  months  with- 
out any  visible  supply  of  food. 

On  attentively  observing  the  changes  induced 
upon  the  food  by  the  action  of  the  stomach  of 
these  animals,  they  appear  to  consist  of  a  gradual 
melting  down  of  the  softer  parte,  which  are  re- 
solved into  a  kind  of  jelly,  leaving  unaltered  only 
a  few  fragments  of  the  harder  and  less  digestible 
parts.  These  changes  are  accompanied  by  a 
kind  of  undulation  of  the  contents  of  the  stomach, 
backwards  and  forwards,  throughout  the  whole 
tube,  apparently  produced  by  the  contraction 
and  dilatation  of  its  different  portions.  The  un- 
d^ested  materials  being  collected  together  and 
rejected  by  the  mouth,  the  remaining  fluid  is 
seen  to  contain  opaque  globules  of  various  sizes, 
some  of  which  are  observed  to  penetrate  through 
the  sides  of  the  stomach,  and  enter  into  the  gra- 
nular structure  which  composes  the  flesh  of  the 
animal.  Some  portion  of  this  opaque  fluid  is 
distributed  to  the  tentacula,  into  the  tubular 
cavities  of  which  it  may  be  seen  entering  by 
passages  of  communication  with  the  stomach. 
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By  watching  attentively  the  motions  of  the  glo- 
bules, it  will  be  perceived  that  they  pass  back- 
wards and  forwards  through  these  passages,  like 
ebbing  and  flowing  tides. 

All  these  phenomena  may  be  observed  with 
greater  distinctness  when  the  food  of  the  animal 
ccmtains  colouring  matter,  capable  of  giving  a 
tinge  to  the  nutritious  fluid,  and  allowing  of  its 
pn^ress  being  traced  into  the  granules  which  are 
dispersed  throughout  the  substance  of  the  body. 
Trembley  is  of  opini<H)  that  these  granules  are 
vesicular,  and  that  they  assume  the  colour  they 
are  observed  to  have,  from  their  becoming  filled 
with  the  coloured  particles  contained  in  the  nou- 
ri^ment.  The  granules  which  are  nearest  to 
the  cavity  of  the  stomach  are  those  which  are 
first  tinged,  and  which  therefore  first  imbibe  the 
nutritious  juices :  the  others  are  coloured  succee- 
wvely,  in  an  order  det^mined  by  their  distance 
from  the  surface  of  the  stomach.  Trembley 
ascertained  that  a  living  hydra  introduced  into 
the  stomach  of  another  hydra,  was  not  in  any 
degree  acted  upon  by  the  fluid  secretions  of  that 
organ,  but  came  out  uninjured.  It  ofiten  happens 
that  a  hydra  in  its  eagerness  to  transfer  its  victim 
into  its  stcnnach,  swallows  several  of  its  own  ten- 
tacula,  which  had  encircled  it :  but  these  tenta- 
cula  always  ultimately  came  out  of  Uie  stomach, 
sranetimes  after  having  remained  llieie  tw«i<y- 
four  hours,  without  die  least  detrim^it. 
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The  researches  of  Trembley  have  brought  to 
light  the  extraordmary  fact  that  not  only  the 
internal  sur&ce  of  the  stomach  of  the  polypus  is 
endowed  with  the  power  of  digesting  food,  but 
dtat  the  same  property  belongs  also  to  the  ex- 
ternal suT&ce,  or  what  we  might  call  the  ^in  of 
the  animal.  He  found  that  by  a  dexterous  mani- 
pulation, the  hydra  inay  be  cMnpletely  turned 
inside  out,  like  the  finger  of  a  gloTe,  and  that 
the  animal,  after  having  undergone  this  singular 
operation,  will  Tery  soon  resume  all  its  ordinary 
iunctious,  just  as  if  nothing  had  happ^ied.  It 
accommodates  itself  in  the  course  of  a  day  or 
two  to  the  tranfiformation,  and .  resumes  all  its 
natural  habits,  eagerly  seizing  animalcules  with 
its  tentacula,  and  introducing  them  into  its  newly 
formed  stomach,  which  has  far  its  interior  sur- 
face what  before  was  the  ext^or  skin,  and 
which  digests  them  with  perfect  ease.  When  the 
discovery  of  this  curious  phenomenon  was  first 
made  known  to  the  woiid,  it  excited  great  asto- 
mshment,  and  many  naturalists  were  incredulous 
as  to  the  correctness  of  the  observations.  But 
the  researches  of  Bonnet  and  of  Spallanzani.who 
r^wated  the  experiments  of  Trembley,  have 
borne  wnple  testimony  to  their  accuracy,  which 
those  of  every  subsequent  observer  have  &rther 
contributed  to  confirm. 

The  experiments  of  Trembley  have  also  proved 
that  every  portion  of  the  hydra  possesses  a  won< 


ny  Go  ogle 


80  TRB  VITAL  FUNCTIONS. 

derful  power  of  repainng  all  a<»t8  of  injuries, 
and  of  restoring  parts  which  have  been  removed. 
These  animals  are  found  to  bear  with  impunity 
all  sorts  of  mutilati<ms.  If  the  tentacula  be  cut 
off,  they  grow  again  in  a  very  short  time :  the 
whde  of  the  fore  part  of  the  body  is,  in  like 
manner,  reproduced,  if  the  animal  be  cut  asun- 
der ;  and  from  the  head  which  has  been  removed 
there  soon  sprouts  forth  a  new  tail.  If  the  head 
of  the  hydra  be  divided  by  a  longitudinal  section, 
extending  only  half  way  down  the  body,  the  cut 
portions  will  unite  at  their  edges,  so  as  to  form 
two  heads,  each  having  ite  separate  mouth,  and 
set  of  tentacula.  If  it  be  split  into  six  or  seven 
parts,  it  will  become  a  monster  with  hx  or  seveo 
beads ;  if  each  of  these  be  again  divided,  ano- 
ther will  be  formed  with  double  that  number. 
If  any  of  the  parts  of  this  compound  polypus  be 
cut  off,  as  many  new  ones  will  spring  up  to  re- 
place them ;  the  mutilated  heads  at  the  eame 
time  acquiring  fresh  bodies,  and  becoming  as 
many  entire  pdypi.  Fig.  245  represents  a  hydra 
with  seven  heads,  the  result  of  several  opoations 
of  this  kind.  The  hydra  will  sometimes  of  its 
own  accord  split  into  two ;  each  division  be- 
ctHuing  independent  of  the  other,  and  growing 
to  the  same  size  as  the  original  hydra.  Trranbley 
found  diat  different  portions  of  one  pt^ype  might 
be  engrafted  on  another,  by  cutting  their  sur- 
faces, and  pressing  them  together ;  for  by  this 
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means  they  quickly  unite,  and  become  a  coin~ 
pwiod  animal.  When  the  body  of  one  hydra  is 
introduced  into  the  mouth  of  another,  so  that 
their  heads  are  kept  in  contact  for  a  sufficient 
length  of  time,  they  unite  and  form  but  one  in- 
dividual. A  number  of  heads  and  bodies  may 
thus  be  jmned  t(^ether  artificially,  so  as  to  com- 
pose living  monsters  more  complicated  than  the 
wildest  fancy  has  conceived. 

Still  more  complicated  are  the  forms  and  eco- 
nomy of  those  many-headed  monst«%,  which 
prolific  nature  has  spread  in  countless  multitudes 
over  the  rocky  shores  of  the  ocean  in  every  part 
«f  the  globe.  These  aggregated  polypi  grow  In 
bnitation  of  plants,  from  a  common  stem,  with 
widely  extended  flowering  branches.  Myriads 
of  mouths  open  upon  the  surface  of  the  animated 
mass;  each  mouth  being  Burronoded  with  one 
or  more  circidar  rows  of  tentacula,  which  are 
extended  to  catch  their  prey :  but  as  the  station- 
»y  condition  of  these  polypes  prevents  them- 
firom  moving  in  seardi  of  food,  their  tentacula 
are  generally  fiimi^ed  with  a  mxUtitude  of  cilia, 
which,  by  their  incessiuit  vibrations,  determine 
currents  of  water  to  flow  towards  the  mouth, 
carrying  with  them  the  floating  animalcules  on 
which  the  entire  polypus  subsists. 

Etwh  mouth  leads  into  a  separate  stomach ; 
whence  the  food,  after  its  digestion,  passes  into 
several  channds,  generally  five  in  number,  which 
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proceed  in  different  directionB  from  the  cavity  of 
each  Btomach,  dividing  into  many  branches,  and 
being  distributed  over  all  the  surrounding  portions 
of  the  flesh.  These  branches  communicate  with 
similar  channels  proceeding  from  the  neigh- 
bouring stcmachs:  so  that  the  food  which  has 
been  taken  in  by  one  of  the  mouths,  contributes 
to  the  general  nourishment  of  the  whole  mass  of 
a^regated  polypi.  Cuvier  discovered  this  struc- 
ture in  the  Veretilla,  which  belongs  to  this  order  of 
polypi :  he  also  found  it  in  the  PennaivJa,  and  it 
is  probably  similar  in  all  the  others.  Fig.  246 
represents  three  of  the  polypes  of  the  Veretilla^ 
with  their  communicating  vessels  seen  below. 
The  prevailing  opinion  among  naturalists  is,  that 
each  polypus  is  an  individual  animal,  associated 
with  the  rest  in  a  sort  of  republic,  where  the 
labours  of  all  are  exerted  for  the  common  ben^t 
of  the  whole  society.  But  it  is  perhaps  more  con- 
Btmant  with  our  ideas  of  the  nature  of  vitality  to 
consider  the  extent  of  the  distributitm  of  nutritive 
fluid  in  any  organic  system  as  the  criterion  nf 
the  individuality  (^  that  system,  a  view  which 
would  lead  us  to  consider  the  entire  polypus,  or 
mass  composed  of  numerous  polypes,  as  a  single 
individual  animal ;  for  there  is  no  more  incon- 
sistency in  supposing  that  an  individual  animal 
may  possess  any  number  of  mouths^  than  that  it 
may  be  provided  with  a  multitude  of  distinct 
stomachs,  as  we  shall  presently  find  is  actually 
exemplified  in  many  of  the  lower  animals. 
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Some  of  the  Entozoa,  or  parasitic  worms,  en- 
hibit  a  general  diflusion,  of  circulation  of  nou- 
rishment through  numerous  channels  of  commu- 


nicaticm,  into  which  certain  absorbing  vessels 
couTey  it  from  a  great  number  of  external  orifices, 
or  mouths,  as  they  may  be  called.  This  is  the 
case  with  the  Tamia,  or  tape  worm,  which  is 
composed  of  a  series  of  flat  jointed  portions,  of 
which  two  contiguous  segments  are  seen,  highly 
magnified,  in  F^.  247,  exhibiting  round  the 
margin  of  each  portion,  a  circle  of  vessels  (v), 
which  communicate  with  those  of  the  adjoining 
segments;  each  circle  beii^  provided  with  a 
tube  (o),  having  external  openings  for  imbibii^ 
nourishment  from  the  surrounding  fluids.  Al- 
though each  s^ment  is  thus  provided  with  a 
nutritive  apparatus  complete  within  itself,  and 
so  iar,  therefore,  independent  of  the  rest,  the 
individuality  of  the  whole  animal  is  sufficiently 
determined  by  its  having  a  distinct  head  at  one 
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extremity,  provided  with  instruments  for  its 
attachment  to  the  surfaces  it  inhabits. 

The  Hydatid  (Pig.  248)  is  another  paTasitic 
worm  of  the  simplest  possible  construction.  It 
has  a  head  (o),  of  which  h  is  a  magnified  repre- 
sentation, furnished  widi  four  suckers,  and  a 
tubular  neck,  which  terminates  in  a  globular 
sac.  When  this  sac,  which  is  the  stomach,  is 
fully  distended  with  fluid,  its  sides  are  stretched, 
so  as  to  be  reduced  to  a  very  thin  transparent 
membrane,  having  a  perfectly  spherical  shape ; 
after  this  globe  has  become  swollen  to  a  very 
large  size,  the  neck  yields  to  the  distension,  and 
disappears;  and  the  head  can  then  be  distin- 
guished only  as  a  small  point  oq  the  surface  of 
the  globular  sac.  It  is  impossible  to  conceive  a 
more  simple  organic  structure  than  this,  which 
may,  in  &ct,  be  considered  as  an  isdated  living 
stomach.  The  Ceenwiu,  which  is  found  in  the 
brain  of  sheep,  has  a  structure  a  little  more  com- 
plicated ;  for  instead  of  a  single  head,  there  are 
a  great  number  spread  over  the  surface,  opening 
into  the  same  general  cavity,  and  when  the  sac 
is  distended,  appearing  only  as  opaque  ^>Dts  on 
its  surface. 

The  structure  of  the  Sponge  has  been  already 
fully  described ;  and  the  course  of  the  minute 
channels  pointed  out,  in  which  a  kind  of  circu- 
lation of  sea  water  is  carried  on  for  tiie  nonrish- 
ment  of  the  animal.     The  mode  by  which  nutri- 
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ment  is  extracted  from  this  circulating  fluid,  and 
made  to  contribute  to  ttie  growth  of  these  plant- 
like structures,  is  entirely  unknown. 

The  apparatus  for  nutrition  possessed  by 
animals  belonging  to  the  tribe  <^  Meduste  is  of 
a  peculiar  kind.  I  have  already  described  the 
more  ordinary  form  of  these  singular  animals, 
which  resemble  a  mushroom,  from  the  hemis- 
pherical form  of  their  bodies,  and  their  central 
fiiot -stalk,  or  pedicle.  In  the  gireater  number  of 
species  there  exists  at  the  extremity  of  this 
pedicle,  a  single  aperture,  which  is  the  begin- 
ning of  a  tube  leading  into  a  large  central  carity 
in  the  interior  of  the  body,  and  which  may  there- 
fore be  regarded  as  the  mouth  of  the  animal : 
but  in  those  species  which  have  no  pedicle,  as 
the  Equorea,  the  mouth  is  situated  at  the  centre 
of  the  under  surface.  The  aperture  is  of  suffi- 
cient width  to  admit  of  the  entrance  of  prey  of 
considerable  size,  as  appears  from  the  circum- 
stance that  fishes  of  some  inches  in  length  are 
occasionally  found  entire  in  the  stomachs  of  those 
medusae  which  have  a  ungle  mouth.  The  central 
cavity,  which  is  the  stomach  of  the  animal,  does 
not  appear  to  possess  any  proper  coats,  but  to 
be  simply  scooped  -out  of  the  soft  structure  of 
the  body.  Its  form  varies  in  different  species ; 
having  generally,  howeVer,  more  or  less  of  a 
star-like  shape,  composed  of  four  curved  rays, 
which  might  almost  be  considered  as  consti- 
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tuting  four  stomachs,  joined  at  a  common  centre. 
Such,  indeed,  is  the  actual  structure  in  the 
Medusa  aurita,  in  which  Gaede  found  the 
stomach  to  consist  of  four  spherical  sacs,  com- 
pletely  sq>arated  by  partitions.  These  arched 
cavities,  or  sacs,  taper  as  they  radiate  towards 
the  circumference,  and  are  continued  into  a 
canal,  from  which  a  great  number  of  other 
canals  proceed,  generally  at  first  by  enccesMve 
biftircations  of  the  larger  trunks,  but  afterwards 
branching  off  more  irregularly,  and  again  uniting 
by  lateral  communications  so  as  to  compose  a 
complicated  net-work  of  vessels.  These  rami- 
fications at  length  unite  to  form  an  annular 
vessel,  which  encircles  the  margin  of  the  disk. 
It  appears  also,  from  the  observations  of  Gaede, 
that  a  farther  communication  is  established 
between  this  latter  vessel,  and  others  whidi 
permeate  the  slender  filaments,  or  tentacula,  that 
hang  like  a  fringe  all  round  the  edge  of  the 
disk,  and  which,  in  the  living  animal,  are  in 
perpetual  motion.  It  is  supposed  that  the  elon- 
gations and  contractions  of  these  filaments  are 
effected  by  the  injection  or  recession  of  the 
fluids  contained  in  those  vessels.*  Here,  then, 
~we  see  not  only  a  more  complex  stomach,  but 
also  the  commencement  of  a  vascular  system, 
taking  its  rise  from  that  cavity,  and  calculated  to 

*  Journal  de  Physique,  Ixxxix,  146. 
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distribute  the  nutritious  juices  to  every  part  of 
the  orgaoizatioD. 

There  are  other  species  of  Medusae,  com- 
poeing  the  g&ms  Rhizostoma  of  Cuvier,  which, 
instead  of  having  only  one  mouth,  are  provided 
with  a  great  number  of  tubes  which  serve  that 
office,  and  which  bear  a  great  analogy  to  the 
roots  of  a  plant.*  The  pedicle  terminates  below 
in  a  great  number  of  fringed  processes,  which, 
on  examination,  are  found  to  contain  ramified 
tubes,  with  orifices  opening  at  the  extremity  of 
each  process.  In  this  singular  tribe  of  animals 
there  is  properly  no  mouth  or  central  orifice,  the 
only  avenues  to  the  stomach  being  these  elon- 
gated canals,  which  collect  food  team  every 
quarter  where  they  extend,  and  which,  uniting 
into  larger  and  larger  trunks  as  they  proceed 
towards  tlie  body,  form  one  central  tube,  or 
(esophagus,  which  terminates  in  the  general 
cavity  of  the  stomach.  The  Medusa  pulmo,  of 
which  a  figure  was  given  in  Vol.  i.,  page  192, 
belongs  to  this  modem  genus,  and  is  now  termed 
die  RMzMtoma  Cuvieri. 

The  course  of  these  absorbent  vessels  is  most 
c<Hiveniently  traced  after  they  have  been  filled 
with  a  dark  coloured  liquid.  The  appearances 
they  present  in  the  Rhizostoma  Cuvieri,  after 

*  It  is  from  this  circumstance  that  the  geniu  has  received  the 
name  It  now  bean,  and  which  is  derived  from  two  Greek  wordi, 
wgni^ing  rooi-l^  jnoutha. 
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being  thus  injected,  are  represented  in  the 
annexed  figures ;  the  first  of  which  (Fig.  249), 
shows  the  under  wrface  of  that  aoima],  after  the 
pedicle  has  been  removed  by  a  horizontal  section, 
at  its  origin  from  the  hemispherical  body,  or 


cupola,  as  it  may  be  termed,  where  it  has  a 
square  prismatic  form,  so  that  its  section  presents 
the  square  surface,  o,  Q.  Fig.  252  is  a  vertical 
section  of  the  same  specimen  ;  both  figures  b^ng 
reduced  to  about  one-half  of  the  natural  size. 
The  dotted  line,  h,  h,  in  the  latter  figure,  shows 
the  plane  where  the  section  of  the  pedicle  was 
made  in  order  to  give  the  view  of  the  base  of  the 
hemisphere  presented  in  Fig.  249.  On  the 
other  hand,  the  dotted  line  v,  v,  in  Fig.  249,  is 
that  along  which  the  vertical  section  of  the  same 
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animal,  repregented  in  Fig.  2S2,  was  made,  four 
of  the  arms  (a,  a,  a,  a),  descending  from  the 
pedicle,  being  lefi  attached  to  it.   In  these  arms. 


or  tentacnla,  may  be  seen  the  canals,  marked 
by  the.  dark  lines  (c,  c,  c),  which  arise  from 
nmnerous  orifices  in  the  extremities  and  fringed 
soiiace  of  the  tentacula,  and  which  gradually 
uniting,  like  the  roots  of  a  plant,  converge 
towards  the  centre  of  the  pedicle,  and  terminate 
by  a  common  tube,  which  may  be  considered 
as  the  oesophagus  (o),  in  one  large  central  cavity, 
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or  Stomach  (s),  situated  m  the  upper  part  of  the 
cupola.  The  Bection  of  this  oesophagus  is  visible 
at  the  centre  of  Fig.  249,  where  its  cavity  has 
the  form  of  a  cross.  The  stomach  has  a  quad- 
rangular shape,  as  in  the  ordinary  medusee,  and 
from  each  of  its  four  comers  there  proceed 
vessels,  which  are  continuous  with  its  cavity, 
and  are  distributed  by  endless  ramifications  over 
the  substance  of  the  cupola,  extending  even  to 
the  fringed  mai^in  all  round  its  circumference. 
The  mode  of  their  distribution,  and  their  nume- 
rous communications  by  lateral  vessela,  forming 
a  complete  vascular  net-work,  is  seen  in  Fig.  251, 
which  represents,  on  a  lai^;er  scale,  a  portion  of 
the  marginal  part  of  the  disk.  The  two  large 
figures  (249  and  252)  also  show  the  four  lateral 
cavities  (r,  r.  Fig.  252),  which  are  contiguous 
to  the  stomach,  but  separated  from  it  by  mem- 
branous partitions :  these  cavities  have  by  some 
been  supposed  to  perform  an  office  in  the  system 
of  the  Medusa  corresponding  to  respiration ;  an 
opinion,  however,  which  is  founded  rather  on 
analogy  than  on  any  direct  experimental  evi- 
dence. The  entrances  into  these  cavities  are 
seen  open  at  b,  in  Fig.  249,  and  at  e,  e,  in  -the 
section  Fig.  252.  A  transverse  section  of  one  of 
the  arms  is  given  in  Fig.  253,  showing  the  form 
of  the  absorbent  tube  in  the  centre :  and  a  similar 
section  of  the  extrenuty  of  one  of  the  tentacula 
is  seen  in  Fig.  254,  in  which,  besides  the  central 
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tube,  the  cavities  of  some  of  the  smaller  branches 
(b,  b),  which  are  proceeding  to  join  it,  are  also 
Visible. 

The  r^ular  gradation  which  nature  has  ob- 
served in  the  complexity  of  the  digestive  cavities 
and  other  organs,  of  the  various  species  of  this 
extensive  tribe,  is  exceedingly  remarkable :  for 
while  some,  as  the  Eudora,  have,  to  all  appear- 
ance, no  internal  cavity  corresponding  to  a 
stomach,  and  are  t<^ly  unprovided  with  either 
pedicle,  anus,  or  tentacula ;  others,  furnished 
with  these  latter  appendages,  are  equally  desti- 
tute of  such  a  cavity ;  and  those  belonging  to 
a  third  family  possess  a  kind  of  pouch,  or  false 
stomach,  at  the  upper  part  of  the  pedicle,  appa- 
rently formed  by  the  mere  folding  in  of  the 
integument.  Ttus  is  the  case  with  the  Geronia, 
depicted  in  Fig.  250,  whose  structure,  in  this 
respect,  approaches  that  of  the  Hydra,  already 
described,  where  the  stomach  consists  of  an 
open  sac  apparently  formed  by  the  integuments 
alone.  Thence  may  a  regular  pn^reesion  be 
followed,  through  various  species,  in  which  the 
aperture  of  this  pouch  is  more  and  more  com- 
pletely closed,  and  where  the  tube  which  enters 
it  branches  out  into  ramifications  more  or  less 
numerous,  as  we  have  seen  in  the  Rhizostoma.* 
It  is  difficult  to  conceive  in  what  mode  nutrition 

'  See  P^ron,  AnniOes  du  Museum,  xiv.  330. 
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ia  performed  in  the  agastric  tribes,  or  those 
destitute  of  any  visible  stomach ;  unless  we  sup- 
pose that  their  nourishment  is  imbibed  by  direct 
absorption  jGrom  the  surface. 

Ever  since  the  discovery  of  the  animalcula  of 
itt^ions,  naturalists  have  been  extremely  de- 
sirous of  ascertaining  the  nature  of  the  organi- 
zation of  these  curious  beings :  but  as  no  mode 
presented  itself  of  dissecting  objects  of  such 
extreme  minuteness,  it  was  only  from  the  ex- 
ternal appearances  they  present  under  the 
microscope  that  any  inferences  could  be  drawn 
with  regard  to  the  existence  and  form  of  their 
internal  organs.  In  most  of  the  larger  species, 
the  opaque  globules,  seen  in  various  parts  of  the 
interior,  were  generally  supposed  to  be  either 
the  ova,  or  the  future  young,  lodged  within  the 
body  of  the  parent.  In  the  Rotifer,  or  wheel 
animalcule  of  Spallanzani,*  a  lai^e  central 
organ  is  pltunly  perceptible,  which  was  by  some 
imagined  to  be  the  heart ;  but  which  has  been 
clearly  ascertained  by  Bonnet  to  be  a  receptacle 
for  food.  Muller,  and  several  other  observers, 
have  witnessed  the  larger  animEilcuIes  devouring 
the  smaller ;  and  the  inference  was  obvious  that, 
in  common  with  all  other  animals,  they  also 
must  possess  a  stomach.  But  as  no  such  struc- 
ture had  been  rendered  visible  in  the  smallest 
species  of  infusoria,  such  as  monads,   it  was 

•  Vol.  i.  p.  62.  Fig^.  I. 
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too  hastily  coachided  that  these  species  were 
£tffmed  upon  a  different  and  a  simpler  model. 
Lamark  characterized  them  as  being  throughout 
of  a  honu^eneous  substance,  destitute  of  mouth 
and  digestive  carity,  and  nourished  simply  by 
means  of  the  absorption  of  particles  through  the 
external  snr£Eu:e  of  their  bodies. 

The  nature  and  functions  of  these  singular 
beings  long  remained  involved  in  an  obscurity 
which  appeared  to  be  impenetrable ;  but  at 
length  a  new  light  has  been  thrown  upon  the 
subject  by  Professor  Ehrenberg,  whose  re- 
searches have  recently  disclosed  fresh  scenes  of 
interest  and  of  wonder  ia  microscopic  worlds, 
peopled  with  hosts  of  animated  beings,  almost 
infinite  in  number  as  in  minuteness.*  In  en- 
deavourii^  to  render  the  digestive  organs  of  the 
infusoria  more  conspicuous,  he  hit  upon  the  £or- 
tunate  expedient  of  supplying  them  with  coloured 
food,  which  might  communicate  its  tinge  to  the 
cavities  into  which  it  passed,  and  exhibit  their 


*  Hie  nsults  of  Ehrenberg's  labonn  were  first  cominunicated 
to  tite  BecliD  Academy ;  thty  bave  since  beea  puUithed  in  two 
works  ia  German :  ^le  first  of  which  appeared  at  Berlin  in 
^830,  under  the  title  of  "  Organuation,  Syitematik  and  Qeo- 
praplmeha  Verh^ima  der  Infiuioiutkierchen."  The  second 
worii  appeared  in  1832,  and  is  entitled  "  Zvr  Erkeimtniu  der 
Orgawation  in  derSiehtung  det  kleiiuten  Raumet."  Both  are 
in  folio,  with  plates.  An  able  analysis  of  the  contents  of  the 
former  of  theoe  works,  by  Dr.  Gairdner,  ia  given  in  The  Edin- 
burgh New  Philosophical  Journal  for  1831,  p.  201,  of  which  I 
have  availed  myself  largely  in  the  account  which  follows. 
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situation  and  course.  ObTtoos  as  this  method  may 
appear,  it  was  not  till  aflter  a  labour  of  ten  years 
that  Ehrenberg  succeeded  in  discovering  the 
fittest  substances,  and  in  applying  them  in  the 
manner  best  suited  to  exhibit  the  phenomena 
satisfectorily.  We  have  already  seen  that 
Trembley  had  adopted  the  same  plan  for  the 
elucidation  of  the  structure  of  the  hydra. 
Gleichen  also  had  made  similar  attempts  with 
r^ard  to  the  infusoria ;  but,  in  consequence  of 
his  having  employed  metallic  or  earthy  colour- 
ing materials,  which  acted  as  poisons,  instead  of 
those  which  might  serve  as  food,  he  failed  in  his 
endeavours.  Equally  unsuccessful  were  the  trials 
made  by  Ehrenberg  with  the  indigo  and  gum-lac 
of  commerce,  which  are  always  contaminated 
with  a  certain  quantity  of  white  lead,  a  sub- 
stance highly  ddeterious  to  all  animals ;  but,  at 
length,  by  employing  an  indigo  which  was  quite 
pure,  he  succeeded  perfectly.*  The  moment  a 
minute  particle  of  a  highly  attenuated  solution 
of  this  substance  is  applied  to  a  drop  of  water 
in  which  are  some  pedunculated  vordcellee,  oc- 
cupying the  field  of  the  microscope,  the  most 

*  The  colouriag  matters  proper  for  theae  experimenta  are 
such  as  do  Dot  chemicaliy  combine  with  water,  but  yet  are 
capable  of  bein^  diffused  in  a  state  of  very  minute  division. 
Indigo,  sap  g^ieen,  and  carmine,  answer  these  conditions,  and 
being  also  easily  rect^ised  under  the  microscope,  are  well 
adapted  for  these  observations.  Great  care  should  be  taken, 
however,  that  the  substance  employed  is  free  from  all  admixture 
of  lead,  or  other  metallic  impurity. 


oy  Go  Ogle 


NUTRITION  IN  THE  INFUSORIA.  95 

beautiful  phenomena  present  themseWes  to  the 
eye.  Currents  are  escited  in  all  directions  by 
the  vibrations  of  the  cilia,  situated  round  the 
mouths  of  these  animalcules,  and  are  readily  dis- 
tinguished by  the  motions  of  the  minute  particles 
of  indigo  which  are  carried  ^ong  with  them; 
the  currents  generally  all  coQTerging  towards 
the  orifice  of  the  mouth.  Presently  the  body 
of  the  Torticella,  which  had  been  hitherto  quite 
transparent,  becomes  dotted  with  a  number  of 
distinctly  circular  spots,  of  a  dark  blue  colour, 
evidently  produced  by  particles  of  indigo  accu- 
mulated in  those  ntuatioos.  In  some  species, 
particularly  those  which  have  a  contracted  part, 
or  neck,  between  the  head  and  the  body,  as  the 
Rotifer  vulgaris,  these  particles  can  be  traced 
in  a  continuous  line  in  their  prepress  firom  the 
mouth  to  these  internal  cavities. 

In  this  way,  by.  the  employment  of  colouring 
matters,  Ehrenberg  succeeded  in  ascertaining 
the  existence  of  a  system  of  digestive  cavities 
in  all  the  known  genera  of  this  tribe  of  animals. 
There  is  now,  therefore,  no  reason  for  admitting 
that  cuticular  absorption  of  nutritive  matter  ever 
takes  place  among  this  order  of  beings.  Whole 
generations  of  these  transparent  gelatinous  ani- 
malciUes  may  remain  immersed  for  weeks  in  an 
indigo  solution,  without  presenting  any  coloured  . 
points  in  their  tissue,  except  the  circumscribed 
cavities  above  described. 

Great  variety  is  found  to  exist  in  the  forms. 
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situations,  and  arrangement  of  the  organs  of 
digestion  in  the  Infusoria.  They  differ  also  in 
their  degree  of  complication,  but  vithout  any 
obvious  relation  to  the  magnitude  of  the  ani- 
malcule. The  Monas  aiomus,  the  minutest  of 
the  whole  tribe,  exhibits  a  number  of  sacs, 
opening  by  as  many' separate  orifices,  from  a 
circumscribed  part  of  the  surface.  In  others,  as 
in  the  Leucophra  patula,  of  which  Fig.  255 
represents   the   appearance   under    the  micro- 


scope, there  is  a  long  alimentary  canal,  tra- 
versing the  greater  part  of  the  body,  taking 
several  spiral  turns,  and  furnished  with  a  great 
number  of  blind  pouches,  or  caca,  as  sacs  of 
this  description,  proceeding  laterally  from  any 
internal  canal,  and  having  no  other  outlet,  are 
technically  termed.  These  cavities  become  filled 
with  c<^onTed  particles  immediately  after  their 
entrance  into  the  alimaitary  canal ;  and  must 
therefore  be  considered  as  so  many  stomachs 
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provided  for  the  digestion  of  the  food  which  they 
receive.*  But  they  -are  oot  all  filled  at  the 
Bame  time,  for  Bome  continue  long  in  a  con- 
tracted state,  so  as  not  to  be  visible ;  while,  at 
another  time,  they  readily  admit  the  cc4oured 
food.  It  is,  therefore,  only  by  dint  of  patient 
watching  that  the  whole  extent  of  the  alimentary 
tube,  and  its  apparatus  of  stomachs,  can  be 
fully  made  out.  Fig.  255,  above  referred  to, 
exhibits  the  Leucophra  patula  of  Ehrenbe^.t 
with  a  few  of  its  stomachs  filled  with  the  opaque 
particles :  but  Fig.  256  diows  the  whtde  smes 
<rf  (Hgans  as  it  would  appear  if  it  could  be  taken 
out  of  the  body,  and  placed  in  the  same  relative 
situadon  with  the  eye  of  the  observer  as  they 
are  in  the  first  figure.  In  some  species,  from 
one  to  two  hundred  of  these  sacs  may  be 
counted,  connected  with  the  intestinal  tube. 
Many  of  the  la^^  species,  as  the  Hydatina 
aetUa,  taAaJoiX  a  greater  concentration  of  oigans, 
having  only  a  single  oval  cavity  of  considerable 
size,  situated  in  the  fore  part  of  the  body.  In 
the  Rotifer  rmlgaris,  the  alimentary  canal  is  a 
slender  tube,  considerably  dilated  near  its  termi- 
nation. In  sm&e  Vortiedlk,  the  intestine,  from 
which  proceed  nnmerouscKca,  makes  acomjUete 
circular  turn,  ending  close  to  its  commencement: 

"  Blirenberg   terniB  these   Polygastric   infusoria,   from   the 
Greek,  Bi{^if;;ing  with  many  Homackt. 
t   Tnclutda  pat»la.     MuUer. 
VOL.  II.  H 
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Efarenberg  forms  of  these  the  tribe  of  Cgelocala, 
of  which  the  Vorticella  citrina,  and  the  Stentor 
polymorpktts,  are  examples.  Thus  do  we  dis- 
cover the  same  diversity  in  the  structure  of  the 
digestive  organs  of  the  several  races  of  these 
diminutive  beings,  as  is  found  in  the  other  classes 
of  animals. 

The  Hydattjta  senta,  one  of  the  largest  of  the 
infusoria,  was  found  by  Ehrenbei^  to  possess  a 
highly  developed  structure  with  respect  to  many 
systems  of  oi^ns,  which  we  should  never  have 
expected  to  me^  with  so  low  in  the  scale  of  ani- 
mals. As  connected  with  the  nutritive  functions, 
it  may  here  be  mentioned  that  the  head  of  this 
animalcule  is  provided  with  a  regular  apparatus 
for  mastication,  consisting  of  serrated  jaws,  each 
having  from  two  to  six  teeth.  These  jaws  are 
seen  actively  opening  and  shutting  when  the 
animal  is  taking  its  food,  which  consists  of  par- 
tides  brought  within  reach  of  the  mouth  by 
means  of  currents  excited  by  the  motions  of  the 
cilia. 

Such  are  the  simple  forms  assumed  by  the 
o^ans  of  assimilation  among  the  lowest  orders 
of  the  animal  creation ;  namely,  digesting  cavities, 
whence  proceed  various  canals,  which  form  a 
systen  for  the  transmission  of  the  prepared  nou- 
rishment to  different  parts ;  but  all  these  cavities 
and  canals  being  simply  hollowed  out  of  the 
solid  substance  of  the  body.    Jia  we  ascend  a 
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Step  higher  in  the  scale,  we  find  that  the  stomach 
and  intestinal  tube,  together  with  their  appen- 
dages, are  distinct  organs,  formed  by  membranes 
and  coats  proper  to  each,  and  that  they  are 
themselves  contained  in  an  outer  cavity,  which 
surrounds  them,  and  which  receives  and  collects 
the  nutritious  juices  after  their  elaboration  in 
these  oi^ns.  The  Actinia,  or  Sea  Anemone,  for 
example,  resembles  a  polypus  in  its  general 
form,  having  a  mouth,  which  is  surrounded  with 
tentacula,  and  which  leads  into  a  capacious 
stomach,  or  sac,  open  below,  and  occupying 
257  the  greater  part  of  the 

bulk  of  the  animal ;  but 
while,  in  the  polypus, 
the  sides  of  tbe  stomach 
constitute  also  those  of 
the  body,  the  whole 
being  one  simple  sac ;  in 
the  actinia,  spaces  inter- 
B  .vene  between  the  coats 

of  the  stomach,  and  the  skin  of  the  animal.  As 
the  stomach  is  not  a  closed  sac,  but  is  open  below,  . 
these  cavities  are,  in  fact,  continuous  with  that 
of  the  stomach :  they  are  divided  by  numerous 
membranous  partitions  passing  vertically  between 
the  skin,  and  the  membrane  of  the  stomach,  and 
giving  support  to  that  organ.  Fig.  267,  repre- 
senting a  vertical  section  of  the  Actinia  coriacea, 
displays  this  intemd  structure,     b  is  the  base. 
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or  disk,  by  which  the  animal  adheres  to  rocks : 
1  is  the  section  of  the  coriaceous  integumeut, 
showing  its  thickness :  h  is  the  central  aperture 
of  the  upper  surface,  which  performs  the  office 
of  a  mouth,  leading  to  s,  the  stomach,  of  which 
the  lower  orifice  is  open,  and  which  is  suspended 
in  the  general  caTity,  by  means  of  vertical  par- 
titions, of  which  the  cut  edges  are  seen  below, 
uniting  at  a  central  point,  c,  and  passing  between 
the  stomach  and  the  integument.  These  mus- 
cular partitions  are  connected  above  with  three 
rows  of  tentacula,  of  which  the  points  are  seen 
at  T.  The  ovaries  (o)  are  seen  attached  to  the 
partition ;  and  also  the  apertures  in  the  lower 
part  of  the  stomach,  by  which  they  c<Hnmunicate 
with  its  cavity. 

If  we  considered  the  medusa  as  having  four  sto- 
machs, we  might  in  like  manner  regard  the  Aste- 
rias,  or  star-fish,  as  having  ten,  or  even  a  greater 
munber.    The  mouth  of  this  radiated  animal  is 


at  the  centre  of  tbte  unda  surface ;  it  leads  into 
a  capacious  bag,  situated  immediately  above  it. 
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and  which  is  properly  the  stomach.  From  this 
central  sac  there  proceed  ten  prolongations,  or 
canals,  which  occupy  in  pairs  the  centre  of 
each  ray,  or  division  of  the  body,  and  subdivide 
into  numerous  minute  rainification».  These 
canals,  with  their  branches,  are  exhibited  at  c,c, 
Fig.  258,  which  represents  Mie  of  the  rays  of  the 
Asteiias,  laid  open  from  the  upper  ride.  The 
canals  are  supported  in  their  positions  by  mem- 
branes, connecting  them  with  the  sides  of  the 
cavity  in  which  they  are  siKpended. 

In  the  various  species  of  Echini,  we  find  that 
the  alimentary  tube  has  attained  a  more  perfect 
developement ;  for  instead  of  constituting  merely 
a  blind  pouch,  it  ^sses  entirely  through  the  body 
of  the  animal.  We  here  find  an  eesophagvi,  or 
narrow  tube,  leading  from  the  mouth  to  Uie  sto- 
mach ;  and  the  stomach  continued  into  a  regular 
intestine,  which  takes  two  turns  in  the  cavity  of 
the  body,  before  it  terminates. 

The  alimaitaiy  tube  in  the  lower  fuiimais  fre- 
quently exhibits  dilatations  in  difierent  parts; 
these,  if  situated  in  the  be^nning  of  the  canal, 
may  be  considered  as  a  succesuon  of  stomachs ; 
while  those  that  occur  in  the  advanced  portions 
are  more  properly  denominated  tAe  great  intet- 
tine,  by  way  of  distinction  from  the  middle  por- 
tions of  the  tube,  which  are  generally  narrower, 
and  are  termed  the  small  intestine.  We  <^ben 
see  blind  pouches,  or  cxca,  projecting  from  diffe- 
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rent  parts  of  the  canal ;  this  is  the  case  with  the 
intestine  of  the  Aphrodita  aculeata,  or  sea-mouse. 
The  intestine,  being  generally  longer  than  the 
body,  is  obliged  to  be  folded  many  times  within 
the  cavity  it  occupies,  and  to  take  a  winding 
course.  In  some  cases,  on  the  other  hand,  the 
alimentary  tube  passes  in  nearly  a  straight  line 
'  through  the  body  .with  scarcely  any  variation  in  its 
diameter ;  this  is  the  case  with  the  Ascaris,  which 
is  a  long  cylindric  worm ;  and  nearly  so  with  the 
iMmbricus  terrestris,  or  earth-worm.  In  the  Nats, 
on  the  contrary,  as  shown 
in  Fig.  259,  the  alimentary 
tube  presents  a  series  of 
dilatations,  which,  from  the 
transparency  of  the  skin, 
may  be  easily  seen  in  the 
living  animal.  The  food  taken  in  by  these  worms 
is  observed  to  be  transferred  from  the  one  to  the 
other  of  its  numerous  stomachs,  backwards  and 
forwards  many  times,  before  its  digestion  is  ac- 
complished. 

The  stomach  of  the  Leech  is  very  peculiar  in 
its  structure :  its  form,  when  dissected  off,  and 
removed  from  the  body,  is  shown  in  Fig.  260. 
It  is  of  great  capacity,  occupying  the  lai;ger  part 
of  the  interior  of  the  body ;  and  its  cavity  is 
expanded  by  folds  of  its  internal  membrane  into 
several  pouches  (c,  c,  c).  Mr.  Newport,  who 
has  lately  examined  its  structure  with  great  care. 
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finds  that  each  of  the  ten  portionB  into  which  it 
is  divided  sends  out,  on  the  part  most  remote 
from  the  tesophagns  (o),  two  lateral  pouches,  or 
caeca ;  which,  as  tfaey  are  traced  along  the 
canal,  become  both  wider  and 
^  longer,  so  that  the  tenth  pair 
of  ceeca  (a)  extends  to  the 
^  hinder  extremityof  the  animal; 
the  intestine  (i),  which  is  very 
short,  lying  between  them.* 
It  has  long  been  known, 
that  if,  after  the  leech  has 
fastened  on  the  skin,  a  portion 
of  the  tail  be  cut  off,  the  ani- 
mal will  continue  to  suck 
blood  for  an  indefinite  time : 
this  arises  from  the  circum- 
stance that  the  csecal  portions 
of  the  stomach  are  laid  open, 
so  that  the  blood  received  into 
that  cavity  flows  out  as  fest 
as  it  is  swallowed. 
A  structure  very  similar  to  that  of  the  leech  is 

*  This  figure  was  engraved  from  a  drawing  made,  at  my  re- 
quest, by  Mr.  Newport,  Trom  &  specimen  which  he  dissected, 
and  which  he  was  so  obliging  as  to  show  me.  Fig.  261  repre- 
KDts  the  mouth,  within  which  are  seen  the  three  teeth ;  and 
Fig.  262,  one  of  the  teeth  detached.  A  paper,  descriptive  of 
the  structure  of  the  stomach  of  the  leech,  by  Mr.  Newport,  was 
lately  read  at  a  meeting  of  the  Royal  Society.  See  the  abstncta 
of  the  proceedings  of  the  Society,  fw  June,  1833. 
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met  with  in  the  digeBtive  orgaDS  of  the  OJosgO' 

pwa  tt^erctUata,  (Hirudo  c(»Mpltuiata,  Linn.)  of 

which  Fig.  263  represents 

^^  264  ^  magnified  view  firom  the 

tipper  Bide.     When  seen 

frcm  the  under  side,  as 

is  shown  in  Fig.  S04,  the 

cavity    of   the    stomach 

a   distinctly   seen,    pro- 

longed  into  several  cells, 

divided  by  partitions,  and 

directed  towards  the  tail.    The  two  last  of  these 

cells  (c  c)  are  much  longer  than  the  rest,  and 

terminate  in  two  blind  sacs,  between  which  is 

situated  a  tortuous  intestinal  tube.* 


Chapter  V. 

Nutrition  tn  the  higher  orders  (^Animals. 

In  proportion  as  we  rise  in  the  animal  scale,  we 
find  that  the  operations  oi  Nutrition  become 
still  farther  multiplied,  and  that  the  o^ans  which 
perform  them  are  more  numerous  and  more  com- 

*  In  both  diese  figures,  t  m  the  tubular  tongue,  projected 
from  the  mi>Hth.  In  Fig.  263,  e  u«  the  an  eyes,  tituated  on 
the  CKtremity  whicti  correqxMtdi  to  the  head  ;  and  a  doable  ion. 
gitudinal  row  of  white  tubercles  is  alio  visible,  eitendmg  aloi^ 
the  back  of  the  animal,  e,  in  Fig.  264,  is  the  entrance  into  a 
cavity,  or  pouch,  provided  for  the  reception  of  the  young.  See 
Johnton,  Phil.  Trans,  for  1817,  p.  343. 
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I^icated  in  their  structore.  The  long  aeries  of 
pfocese^  requisite  for  the  perfect  elaboration  of 
nntrimeut,  is  divided  into  different  stages ;  each 
process  is  the  work  of  a  separate  apparatus,  and 
requires  the  influence  of  different  agents.  We 
no  l<»iger  find  that  extreme  simplicity  which  we 
noticed  ob  so  remarkable  in  the  hydra  and  the 
medusa,  where  the  same  cavity  performs  at  once 
the  functions  of  the  stomach  and  ttf  the  heart. 
The  manufacture  of  nutriment,  if  we  may  so 
express  it,  is,  in  these  lower  zoophytes,  coa- 
ducted  upon  a  small  scale,  by  less  r^ned 
methods,  and  with  the  strictest  economy  of 
means ;  the  apparatus  is  the  simplest,  the 
agents  the  fewest  possible,  and  many  different 
operations  are  carried  on  in  one  and  the  same 
place. 

As  we  follow  the  extenuon  of  the  plui  in  more 
elevated  stages  of  oi^aiiic  devdopement,  we  find 
a  farther  division  of  labour  mtroduced.  Of  this 
we  have  already  seen  the  commencement  in  the 
multiplication  of  the  digesting  cavities  of  the 
IieetA  and  other  Annelida  :  but,  in  animals 
which  occupy  a  still  fairer  rank,  we  observe 
a  more  comj^ete  separation  of  offices,  and  a  still 
greater  complication  of  organs.  The  principle 
of  the  division  of  labour  is  carried  to  a  much 
ffKOber  exieat  than  in  the  inferior  departmoits 
of  the  animal  creation.  Besides  the  stomach,  or 
receptacle  for  the  unassimilated  food,  another 
organ,  the  heart,  is  provided  for  the  uniform  dis- 
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tribution  of  the  nutritious  fluids  elaborated  by 
the  organs  of  digestion.  This  separation  of 
functions,  again,  leads  to  the  introduction  of 
another  system  of  canals  or  vessels,  for  trans- 
mitting the  fluids  from  the  oi^ns  which  prepare 
them  to  the  heart,  as  into  a  general  reservoir. 
In  the  higher  orders  of  the  animal  kingdom, 
all  these  processes  are  again  subdivided  and 
varied,  according  to  the  species  of  food,  the 
habits,  and  mode  of  life,  assigned  by  nature  to 
each  individual  species.  For  the  purpose  of 
conveying  clearer  notions  of  the  arrangement  of 
this  extensive  system  of  vital  oi^ans,  I  have 
drawn  the  annexed  plan  (Fig.  265),  which  ex- 


hibits them  in  their  natural  order  of  connexion, 
and  as  they  might  be  supposed  to  appear  in  a 
side  view  of  the  interior  of  a  quadruped.     To 
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this  diagram  I  shall  make  frequent  reference  in 
the  foUowiog  description  of  this  system. 

The  food  is,  in  the  first  place,  prepared  for 
digestion  by  several  mechanical  operatioos, 
which  loosen  its  texture  and  destroy  its  cohe- 
sion. It  is  torn  asunder  and  broken  down  by 
the  action  of  the  jaws  and  of  the  teeth;  and  it 
is,  at  the  same  time,  softened  by  an  admixture 
with  the  fluid  secretions  of  the  mouth.'  It  is 
then  collected  into  a  mass,  by  the  action  of  the 
muscles  of  the  cheek  and  tongue,  and  swallowed 
by  the  regulated  contractions  of  the  difierent 
parts  of  the  throat.  It  now  passes  along  a  mus- 
cular tube,  called  the  (Esophagus,  (represented 
in  the  diagram  by  the  letter  o,)  into  the  stomach 
(s),  of  which  the  entrance  (<;)  is  called  the 
cardia. 

In  tlie  stomach  the  food  is  made'  to  undeigo 
various  chemical  changes ;  after  which  it  is  con- 
ducted through  the  aperture  termed  the  pylorus 
(p),  into  the  canal  of  the  intestine  (i  i),  where  it 
is  furtlier  subjected  to  the  action  of  seTcral  fluid 
secretions  derived  from  large  glandular  organs 
situated  in  the  neighbourhood,  as  the  liver  (l) 
and  the  pancreas ;  and  elaborated  into  the  fluid 
which  is  termed  Chyle. 

The  Chyle  is  taken  up  by  a  particular  set  of 
vessels,  called  the  Lacteals,  which  transmit  it  to 
the  heart  (h).  These  vessels  are  exceedingly 
numerous,  and  arise  by  often  orifices  from  the 
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inner  surface  of  the  intestines,  wh^ice  they 
absorb,  or  drink  up  the  chyle.  They  may  be 
compared  to  internal  roots,  which  unite  as  they 
ascend  along  the  mesentery  (h),  or  membrane 
connecting  the  intestines  with  the  back;  ftHinii^ 
la^er  and  larger  trunks,  till  they  terminate  in 
an  intermediate  reservoir  (r),  which  has  been 
named  the  Receptacle  of  the  Chyle.  From  this 
receptacle  there  proceeds  a  tube,  which,  from  its 
passing  through  the  thorax,  is  called  the  Tho- 
racic duct  (t)  ;  it  ascends  aloi^  the  side  of  the 
spine,  which  protects  it  from  compression,  and 
opens  at  v,  into  the  large  veins  which  are  pour- 
ing their  contents  into  the  auricle,  or  first  cavity 
of  the  heart  (u),  whence  it  immediately  passes 
into  the  ventricle,  or  second  cavity  of  that 
oi^an  (h).  Such,  in  the  more  perfect  animals, 
is  the  circuitous  and  guarded  route,  which  every 
particle  of  nourishment  must  take  before  it  can 
be  added  to  the  general  mass  of  circulating 
fluid. 

By  its  aikoixture  with  the  blood  already  con- 
tained in  these  vessels,  and  its  purification  by 
the  action  of  the  air  in  the  respiratory  organs  (b), 
the  chyle  becomes  assimilated,  and  is  distri- 
buted by  the  heart  through  appropriate  channels 
<rf  circulati<m  called  arteries  (of  which  the  com- 
mon trunk,  or  Aorta,  is  seen  at  a),  to  every  part 
of  the  system;  thence  returning  by  the  veins 
(v,  V,  V,)  to  the  heart.    The  various  modes  in 
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which  these  functions  are  conducted  in  the  seve- 
ral tribes  of  animals  will  be  described  hereafter. 
It  will  be  sufficient  for  our  present  purpose  to 
state,  by  way  of  completing  the  outline  of  this 
class  oi  functions,  that,  like  the  returning  sap 
of  plants,  the  blood  is  made  to  undergo  farther 
modifications  in  the  minute  vessels  through 
which  it  circulates;  new  arrangements  of  its 
d.ement8  take  place  during  its  passage  through 
the  subtle  organization  of  the  glands,  which  no 
microscope  has  yet  unrarelled:  new  products 
are  here  formed,  and  new  properties  acquired, 
adapted  to  the  respectiTc  purposes  which  they 
are  to  serve  in  the  animal  ecMiomy.  The  whole 
is  one  vast  Laboratory,  where  mechanism  is  sub- 
eerrient  to  Chemistry,  where  Chemistry  is  the 
agent  of  the  higher  powers  of  Vitality,  and  where 
these  powers  themselves  minister  to  the  more 
exalted  faculties  of  Sensation  and  of  Intellect. 

The  digestive  functions  of  animals,  however 
complex  and  varied,  and  however  exquisitely 
cmitiived  to  answer  their  particular  objects,  yet 
afford  less  favourable  opportunities  of  tracing 
distinctly  the  adaptation  of  means  to  the  re- 
spective ends,  than  the  mechanical  functions. 
This  arises  from  the  cireumstance  that  the  pro- 
cesses they  effect  imply  a  refined  chemistry, 
of  which  we  have  as  yet  but  a  very  imperfect 
knowledge ;  and  that  we  are  also  ignorant  of  the 
nature  of  the  vital  agente  c<mcemed  in  pro- 
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dnciog  each  of  the  chemical  changes  which  the 
food  must  necessarily  undergo  during  its  assimi- 
lation. We  only  know  that  all  these  changes 
are  slowly  and  gradually  effected ;  the  materials 
having  to  pass  through  a  great  number  of  inter- 
mediate stages  before  they  can  attain  their  final 
state  of  elaboration. 

Hence  we  are  furnished  with  a  kind  of  scale 
whereby,  whenever  we  can  ascertain  the  degrees 
of  difference  existing  between  the  chemical  con- 
dition of  the  substance  taken  into  the  body,  and 
that  of  the  product  derived  from  it,  we  may 
estimate  the  length  of  the  process  required,  and 
the  amount  of  power- necessary  for  its  conversion 
into  that  product.  It  is  obvious,  for  example, 
that  the  chemical  changes  which  vegetable  food 
must  be  made  to  undergo,  in  order  to  assimilate 
it  to  blood,  must  be  considerably  greater  than 
those  required  to  convert  animal  food  into  the 
same  fluid,  because  the  latter  is  itself  derived, 
with  only  sUght  modification,  immediately  from 
tlie  blood.  We  accordingly  find  it  to  be  an  esta- 
blished rule,  that  the  digestive  organs  of  animals 
which  feed  on  vegetable  materials  are  remark- 
able for  their  size,  their  length,  and  their  com- 
plication, when  compared  with  those  of  car- 
nivorous animals  of  the  same  class.  This  rule 
applies,  indeed,  universally  to  Mammalia,  Birds, 
Reptiles,  Fishes,  and  also  to  Insects :  and  below 
these  we  can    scarcely  draw  the  comparison. 
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becaufie  nearly  all  the  inferior  tribea  subsist 
wholly  upon  animal  substances.  Many  of  these 
latter  animals  have  oi^ans  capable  of  extracting 
nourishment  from  substances  which  we  should 
hardly  imagine  contained  any  sensible  portion. 
Thus,  on  examining  the  stomach  of  the  earth- 
worm, we  find  it  always  filled  with  moist  earth, 
which  is  devoured  in  large  quantities,  for  the 
sake  of  the  minute  portion  of  vegetable  and 
animal  materials  that  happen  to  be  intermixed 
with  the  soil ;  and  this  slender  nutriment  is  suf- 
ficient for  the  subsistence  of  that  animal.  Many 
marine  worms,  in  like  manner,  feed  apparently 
upon  sand  alone;  but  that  sand  is  generally 
intermixed  with  fragments  of  shells,  which  have 
been  pulverized  by  the  continual  rolling  of  the 
tide  and  the  surge ;  and  the  animal  matter  con- 
tained in  these  fragments,  affords  them  a  supply 
of  nutriment  adequate  to  their  wants.  It  is  evi- 
dent, that  when,  as  in  the  preceding  instances, 
large  quantities  of  indigestible  materials  are 
taken  in  along  with  such  as  are  nutritious,  the 
stomach  and  other  digestive  cavities  must  be 
rendered  more  than  usually  capacious.  It  is 
obvious  also  that  the  structure  of  the  digestive 
OTgans  must  bear  a  relation  to  the  mechanical 
texture,  as  well  as  the  chemical  qualities  of  the 
food ;  and  this  we  find  to  be  the  case  in  a  variety 
of  instances,  which  will  hereafter  be  specified. 
The  activity  of  the  digestive  functions  and  the 


t:  Go  ogle 


1 13  THE  VITAL  rCNCTIONS. 

strncture  of  the  o^ans,  will  also  be  r^ulated  by 
a  great  variety  of  other  circumBtaDces  in  the 
condition  of  the  animal,  independently  of  the 
mechanical  or  chemical  nature  of  the  food.  The 
greater  the  energy  with  which  the  mwe  pecu- 
liarly animal  functions  of  sensation  and  muscular 
action  are  exercised,  the  greater  must  be  the 
demand  for  nourishment,  in  order  to  supply  the 
expenditure  of  vital  force  created  by  these  exer- 
tions. Compared  with  the  torpid  and  slavish 
reptile,  the  active  and  vivacious  bird  or  quadruped 
requires  and  consumes  a  much  larger  quantity 
of  nutriment.  The  tortoise,  the  turtle,  the  toad, 
the  frog,  and  the  chameUon,  will,  indeed,  live 
tor  months  without  takii^  any  food.  Fishes, 
which,  like  reptiles,  are  cold-blooded  animals, 
although  at  all  times  exceedingly  voracious  when 
supplied  with  food,  yet  can  endure  long  fa^s 
with  impunity. 

The  rapidity  of  developement  has  also  great 
influence  on  the  quantity  of  food  which  an  ani- 
mal requires.  Thus  the  caterpillar,  which  gnnrs 
very  quickly,  and  must  repeatedly  throw  off  its 
integuments,  during  its  continuance  in  the  larva 
state,  consumes  a  vast  quantity  of  food  compared 
with  the  size  of  its  body ;  and  hence  we  find  it 
provided  irith  a  digestive  apparatus  of  consi- 
derafale  si&e. 
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Chapter  VI. 

PREPARATION  OF  FOOD. 

§  1 .  Prehension  of  Liquid  Food. 

In  atiidying  the  series  of  processes  which  cmi- 
stitute  assimilation,  our  attention  is  first  to  be 
directed  to  the  mode  in  which  the  food  is  in- 
troduced into  the  body,  and  to  the  mechanical 
changes  it  is  made  to  undergo  bef(»«  it  is  sub- 
jected to  the  chemical  action  of  the  digestive 
organs.  The  nature  of  these  preliminary  pro- 
cesses will,  of  course,  vary  according  to  the  tex- 
ture and  mechanical  condition  of  the  food.  Where 
it  is  already  in  a  fluid  state,  mastication  is  unne- 
cessary, and  the  receiving  organs  consist  simply 
of  an  apparatus  for  suction.  This  is  the  case 
very  generally  with  the  Entozoa,  which  subsist 
upon  the  Juices  of  other  animals,  and  which  are  all 
provided  with  one  or  more  sucking  orifices,  often 
extended  in  the  form  of  a  tube  or  proboscis.* 
The  Hydatid,  for  instance,  has  four  sucking 
apertures  disposed  round  the  head  of  the  animal : 

*  Some  speciea  of  Fatcv)l<B,  or  flukes,  are  furnished  with  tno, 
three,  six,  or  more  Bucking  diskg,  by  which  they  adhere  to  sur- 
faces :  to  tlieie  animals  the  names  Distoma,  Tristoma,  Hexas- 
(oma, and  Polysfoma  have  been  given;  but  these  denominations, 
implying  a  plurality  of  mouths,  are  evidently  incorrect,  since  the 
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the  Tetnia  has  orifices  of  this  kind  in  each  of  its 
jointed  segments :  the  Ascaris  and  the  Earth- 
worm hare  each  a  simple  mouth.  The  margia 
of  the  mouth  is  often  divided,  so  as  to  compose 
lips ;  of  these  there  are  generally  two,  and  in 
the  leech  there  are  three.  In  some  rare  cases, 
as  in  the  Pianaria,  there  is,  besides  tlie  ordinary 
mouth,  a  tube  also  provided  for  suction,  in  a  dif- 
ferent part  of  the  body,  and  leading  into  the 
same  stomach.* 

When  the  instrument  for  suction  extends  for 
some  length  from  the  mouth,  it  is  generally  termed 
tiproboscis:  suchis  the  apparatus  of  the  butterfly, 
the   moth,  the  gnat,  the  house  fly,  and  other 
insects  that  subsist  on  fluid  aliment.    The  pro- 
boscis of  the  Lepidoptera,  (Fig.  266),  is  a  double 
tube,  constructed  by  the  two 
edges  being  rolled  longitudi- 
nally  till    they   meet  in   the 
middle  of  the  lower  surface, 
thus  forming  a  tube  on  each 
side,  but  leaving  also  another 
tube,  intermediate  to  the  two 
lateral    ones.      This    middle 
tube  is  formed  by  the  junction 

sucking  disks  are  not  perforated,  and  do  not  perrorm  the  office 
of  rooutbR  ;  and  the  true  month  for  the  reception  of  food  is  single. 
Cuvier  discovered  an  animal  of  this  cUis  furnished  with  above  a 
hundred  of  tbue  cup-shaped  sucking;  organs.  See  Edinbui^h 
Philos.  Journal,  XX.  101. 

•  Phil.  Trans,  for  1822,442. 
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of  two  grooves,  which,  by  the  aid  of  a  curious 
apparatus  of  hooks,  resembling  those  of  the  la- 
minae of  a  feather  already  described,*  lock,  into 
each  other,  and  can  be  either  united  into  an  air 
tight  canal,  or  be  instantly  separated  at  the 
pleasure  of  the  animal.  Reaumur  conceives  that 
the  lateral  tubes  are  intended  for  the  reception 
of  air,  while  the  central  canal  is  that  which  con- 
veys the  honey,  which  the  insect  sucks  from 
flowers,  by  suddenly  unrolling  the  spiral  coil, 
into  which  the  proboscis  is  usually  folded,  and 
darting  it  into  die  nectary.t 

In  the  Hemiptera,  the  proboscis  is  a  tube, 
either  straight  or  jointed,  guarded  by  a  sheath, 
and  acting  like  a  pump.  The  Diptera  have  a 
more  complicated  instrument  for  auction,  con- 
sisting of  a  tube,  of  which  the  sides  are  strong 
and  fleshy,  and  moveable  in  every  direction, 
like  the  trunk  of  an  elephant :  it  has,  at  its  ex- 
tremity, a  double  fold,  resembling  lips,  which 
are  well  adapted  for  suction.  The  gnat,  and 
other  insects  which  pierce  the  skin  of  animals, 
have,  for  this  purpose,  instruments  termed,  from 
their  shape  and  office,  laneets.\  In  the  giiat  they 
are  five  or  six  in  nmnber,  finer  than  a  hair,  ex- 
ceedingly sharp,  and  generally  barbed  on  one 
side.     In  the  Ta}>anus,  or  horse-fly,  they  are  flat 

*  Volume  i.  page  570. 

t  Kirby  and  Speticc's  Entomology,  vol.  ii.  p.  390. 

t  Ibid,  vol.  iii.  p.  467. 
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like  the  blade  of  a  knife.  These  instruments 
are  eometiines  constructed  so  as  to  form,  by  their 
union,  a  tube  adapted  for  suction.  In  the  flesh- 
fly,  the  proboscis  is  folded  like  the  letter  Z,  the 
upper  angle  pointing  to  the  breast,  and  the  lower 
one  to  the  mouth.  In  other  flies  there  is  a  single 
fold  only. 

Those  insects  of  the  order  Hymenoptera, 
which,  Uke  the  bee,  suck  the  honey  of  flowers, 
have,  together  with  regular  jaws,  a  proboscis 
formed  by  the  prolongation  of  the  lower  lip, 
which  is  folded  so  as  to  constitute  a  tube :  this 
tube  is  protected  by  the  mandibles,  and  is  pro- 
jected forwards  by  being  carried  on  a  pedicle, 
which  can  be  folded  back  when  the  tube  is  not 
in  use.  The  mouths  of  the  Acephalous  Motlusea 
are  merely  sucking  apertures,  with  folds  like 
lips,  and  without  either  jaws,  tongue,  or  teeth, 
but  having  often  tentacula  arising  from  their 
margins. 

Among  flshes,  we  meet  with  the  family  of 
Cyclostomata,  so  called  from  their  having  a' cir- 
cular mouth,  formed  for  suction.  The  margin 
of  this  mouth  is  supported  by  a  ring  of  cartilage, 
and  is  furnished  with  appropriate  muscles  for 
producing  adhesion  to  the  surfaces  to  which  it  is 
applied ;  the  mechanism  and  mode  of  its  attach- 
ment being  similar  to  that  of  the  leech.  To  this 
family  belong  the  Myxiiie  and  the  Lamprey. 
So  great  is  the  force  of  adhesion  exerted  by  this 
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sucking  apparatus,  that  a  lamprey  has  been 
raised  out  of  the  water  with  a  st(me,  we^hiog 
ten  or  twelve  pounds,  adhering  to  its  mouth. 

Humming  birds  have  a  long  and  slender  tongue, 
which  can  assume  the  tubular  form,  like  that  of 
the  butterfly  or  the  bee,  and  for  a  sunilar  pur- 
pose, namely,  sucking  the  juices  of  flowers. 
Among  the  mammalia,  the  Vampire  Sat  affords 
another  instance  of  suction  by  means  of  the  tongue, 
which  is  said  to  be  folded  into  a  tubular  shape 
tor  that  purpose.  But  suction  among  the  mam- 
malia is  almost  always  performed  by  the  muscles 
of  the  lips  and  cheeks,  aided  by  the  movements 
of  the  tongue,  which,  when  withdrawn  to  the 
back  of  the  cavity,  acts  like  the  piston  of  a 
pump.  In  the  lamprey  this  hydraulic  action 
of  the  tongue  is  particularly  remarkable.  Many 
quadrupeds,  however,  drink  by  repeatedly  dip- 
ping their  tongue  into  the  fluid,  and  quickly 
drawing  it  into  the  mouth. 


§  2.  PrekeHsioa  of  Solid  Food. 

When  the  food  consists  of  solid  substances, 
organs  must  be  provided ;  first,  for  their  pre- 
hension and  introduction  into  the  mouth ;  se- 
icondly,  for  their  detention  when  so  introduced ; 
and  thirdly,  for  their  mechanical  division  into 
smaller  fragments. 
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Of  tfaoee  iDBtniments  of  prehension  which  are 
not  portions  of  the  mouth  itself,  and  which  form 
a  series  of  variously  constructed  organs,  extend- 
ing Irom  the  tentacula  of  the  polypus  to  the 
proboscis  of  the  elephant,  and  to  the  human' 
arm  and  hand,  some  account  has  already  been 
given  in  the  history  of  the  mechanical  functions: 
but,  in  a  great  number  of  instances,  prehension 
is  performed  by  the  mouth,  or  the  parts  which 
are  extended  from  it,  and  may  be  considered  as 
its  appendices!  The  prehensile  power  of  the 
mouth  is  derived  principally  from  the  mecha- 
nical fonn  and  action  of  the  jaws,  which  open  to 
receive,  and  close  to  detain  the  bodies  intended 
es  food ;  and  to  this  latter  purpose,  the  teeth, 
when  the  mouth  is  fiirnished  with  them,  likewise 
materially  contribute,  although  their  primary 
and  more  usual  office  is  the  mechanical  division 
of  the  food,  by  means  of  mastication,  an  action 
in  which  the  jaws,  in  their  turn,  co-operate. 
Another  principal  purpose  effected  by  the  jaws 
is  that  of  giving  mechanical  power  to  the 
muscles,  which,  by  acting  upon  the  sides  of  the 
cavity  of  the  mouth,  tend  to  compress  and 
propel  the  contained  food.  We  find,  accord- 
ingly, that  all  animals  of  a  highly  developed 
structure  are  provided  with  jaws. 

Among  the  animals  which  are  ranked  in  the 
class  of  Zoophytes,  the  highest  degrees  of  deve- 
lopement  are  exhibited  by  the  £chinodermata. 
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and  in  them  we  find  a  remarkable  perfection  in 
the  oi^ns  of  mastication.  The  mouth  of  the 
Echinus  ifi  surrounded  by  a  frame-work  of  shell, 
consisting  of  five  converging  pieces,  each  armed 
with  a  long  tooth  ;  and  for  the  movement  of 
each  part  there  are  provided  separate  muscles, 
of  which  the  anatomy  has  been  minutely  de- 
scribed by  Cuvier.  In  the  shells  of  the  echini 
that  are  cast  on  the  shore,  this  calcareous  frame 
is  usually  found  entire  in  the  inside  of  the  outer 
case ;  and  Aristotle  having  noticed  its  resem- 
blance to  a  lantern,  it  has  often  gone  by  the 
whimsical  name  of  the  lantern  of  Aristotle. 

In  all  articulated  animals  which  subsist  on 
solid  aliment,  the  apparatus  for  the  prehension 
and  mastication  of  the  food,  situated  in  the 
month,  is  exceedingly  complicated,  and  admits 
q{  great  diversity  in  the  different  tribes;  and, 
indeed,  the  number  and  variety  of  the  parts  of 
which  it  consists  is  so  great,  as  hardly  to  admit 
of  being  comprehended  in  any  general  descrip- 
tion. In  most  insects,  also,  their  minuteness  is 
an  additicoial  obstacle  to  the  accurate  obser- 
vation of  their  anatomy,  and  of  the  mechanism 
of  their  action.  The  researches,  however,  of 
Savigny*  and  other  modem  entom<dogists  have 
gone  far  to  prove,  that  amidst  the  infinite  vari- 

'  *  See  his  "  Thiorie  des  Organes  de  la  bouche  des  Animaux 
invert^br^s  et  articul^,"  which  Tonas  the  first  part  of  the  "  H6- 
moircB  Bur  lea  Animaux  sans  veit^brei."     Paris,  1816. 
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ationg  observable  in  the  form  and  arrangement 
of  the  several  parts  of  these  organs,  there  is  stili 
preserved,   in   the  general  plan  of   their  con- 
struction, a  degree  of  uniformity  quite  as  great 
as  that  which  has  been  remarked  in  the  fabric 
of  the  vertebrated  classes.     Not  only  may  we 
recognise  in  every  instance  the  same  elements 
of    structure,    but  we   may   also  trace    regular 
chains  of  gradation  connecting  forms  apparently 
most  remote,  and  organs  destined  for  widely  dif- 
ferent uses :  so  that  even  when  there  has  been 
a  complete  change  of  purpose,  we  still  perceive 
the    same    design    followed,   the    same    model 
copied,  and  the  same  uniformity  of  plan  pre- 
served in  the  construction  of  the  organs  of  every 
kind  of  mastication  ;  and  there  prevails  in  them 
the  same  unity  of  system  as  is  displayed  in  so 
marked  a  manner  in  the  conformation  of  the 
oi^ns  of  progressive  motion.    The  javre,  which 
in  one  tribe  of  insects  are  formed  for  breaking 
down  and  grinding  the  harder  kinds  of  food, 
are,  in  another,  fitted  for  tearing  asunder  the 
more    tough    and    fibrous  textures ;    they  are 
fashioned,  in  a  third,  into  instruments  for  taking 
up  the  semi-fluid  honey  prepared  by  flowers; 
while,  again,  in  a  fourth,  they  are   prolonged 
and  folded  into  a  tubular  proboscis,  capable  of 
suction,  and  adapted  to  the  drinking  of  fluid 
aliment.      Pursuing  the  examination   of  these 
oi^ans  in  another  series  of  articulated  animals, 
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we  find  them  gradually  aBsumiog  the  characters, 
as  well  as  the  uses  of  instnimenta  of  pi*ehen8ion, 
of  weapons  for  warfare,  of  pillars  for  support,  of 
levers  for  motion,  or  of  limbs  for  quick  pro- 
gression. Some  of  these  remarkable  metamor- 
phoses of  oi^ns  have  already  attracted  our 
attention  in  a  former  part  of  this  treatise.*  Jaws 
pass  into  feet,  and  feet  into  jaws,  through  every 
intermediate  form ;  and  the  same  individual 
often  exhibits  several  steps  of  these  transitions ; 
and  is  sometimes  provided  also  with  super- 
numerary organs  of  each  description.  In  the 
Arachoida,  in  particular,  we  frequently  meet  with 
supernumerary  jaws,  together  with  various  ap- 
pendices, which  present  remarkable  analogies  of 
form  with  the  antennee,  and  the  legs  and  feet  of 
the  Crustacea: 

The  principal  elementary  parts  which  enter 
into  the  composition  of  the  mouth  of  an  insect, 
when  in  its  most  perfect  state  of  developement, 
are  the  seven  following:  a  pair  of  upper  jaws, 
a  pair  of  lower  jaws,  an  upper  and  a  lower  lip, 
and  a  toogue.t     These  parts  in  the  Locusta 

•  Vol.  i.  p.  289. 

f  All  these  parts,  taken  together,  were  termed  by  Fabriciiis 
mtintmenta  dbaria ;  and  upon  their  varietiee  of  structure  he 
founded  his  celebrated  system  of  entomological  clawiiicatioD. 
Kiiby  and  Spence  hare  denominated  tbem  trophi.  See  their 
Introduction  to  Entomology,  vol.  iii.  p.  417.  To  the  seven 
elements  above  enumerated  Savigny  adds,  in  the  Hemiptera,  an 
eighth,  which  he  terms  the  Epighsta. 
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viridiasima,  or  common  gTa8Bh<^per,  are  deli- 
neated in  their  relative  situations,  but  detached 
from  one  another,  in  Fig.  2ti7.  The  upper  jaws 
(h),  which  are  termed  the  mandibles,  are  those 


principally  employed  for  the  mastication  of  hard 
substances ;  tliey  are  accordingly  of  greater 
strength  than  the  lower  jaws,  and  their  edges 
are  generally  deeply  serrated,  so  as  to  act  like 
teeth  in  dividing  and  bruising  the  food.  Some  of 
these  teeth  are  pointed,  others  wedge-shaped,  and 
others  broad,  like  grinders ;  their  form  being  in 
each  particular  case  adapted  to  the  mechanical 
texture  of  the  substances  to  which  they  are 
designed  to  be  applied.  Thus  the  mandibles 
of  some  MelolonthiE  have  a  projection,  rendered 
rough  by  numerous  deep  transverse  furrows, 
converting  it  into  a  file  for  wearing  down  the 
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dry  leaves  which  are  their  natural  food.*  In 
most  cases,  indeed,  we  are,  in  like  manner, 
oiabled,  from  a  simple  inspection  of  the  shape 
of  the  teeth,  to  form  tolerably  accurate  ideas  of 
the  kind  of  food  on  which  the  insect  naturally 
subsists-t 

Above,  or  rather  in  front  of  the  mandibles,  is 
situated  the  labrum,  or  upper  lip  (u).  It  is 
usually  of  a  hard  or  homy  texture,  and  admits 
of  some  degree  of  motion :  but  its  form  and 
direction  are  exceedingly  various  in  different 
tribes  of  insects.  The  lower  pair  of  jaws  (j),  or 
maxillce,  as  they  have  been  termed,  are  behind 
the  mandibles,  and  between  them  is  situated  the 
labium,  or  lower  lip  (l),  which  closes  the  mouth 
below,  as  the  labrum  does  above.  In  the  grass- 
h<^per,  each  maxilla  consists  of  an  outer  and 
an  inner  plate  (o  and  i).  The  jaws  of  insects 
are  confined,  by  their  articulations  with  the 
head,  to  motions  in  a  horizontal  plane  only,  so 
that  they  open  and  close  by  a  lateral  movement, 
and  not  volically  upwards  and  downwards,  as  is 
the  case  with  the  jaws  of  vertebrated  animals. 
The  maxillee  are,  in  mwt  cases,  employed  prin- 
cipally for  holding  the  substances  on  which  the 
dividii^  or  grinding  apparatus  of  the  mandibles 

*  Knoch,  quoted  by  Kirby. 

t  See  a  memoir  by  Marcel  des  Serres,  in  the  Annalei  du 
Museum  d'Hiii.  Nat.  xiv.  56. 
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is  exerted.  A  similar  use  may  be  assigned  also 
to  the'oi^ns  denominated  Palpi,  or  AHtennula 
(p,  q),  which  are  jointed  filaments,  or  processes, 
attached  to  different  parts  of  the  moutli,  and 
most  usually  to  the  maxillte  and  the  labium ; 
the  former  (p)  being  termed  the  maxillary,  and 
the  latter  (o)  tlie  labial  palpi.  In  addition  to 
these  parts,  another,  which,  from  its  supposed 
use,  has  been  denominated  Glossa,  or  tongue 
(o),  is  also  generally  found. 

For  an  account  of  the  various  modifications 
which  these  parts  receive  in  different  tribes  and 
species,  I  must  refer  to  works  which  treat  pro- 
fessedly of  this  branch  of  comparative  anatomy. 
I  shall  content  myself  with  giving  a  single 
example  of  the  conversion  of  structure  here 
alluded  to,  in  that  of  the  rostrum,  or  proboscis  of 
the  Cimex  nigricornis.  This  insect  belongs  to 
the  order  Hemiptera,  which  has  been  usually 
characterised  as  being  destitute  of  both  man- 
dibles and  jaws,  and  as  having,  instead  of  these 
parts,  an  apparatus  of  very  different  construc- 
tion, designed  to  pierce  the  skin  of  animals  and 
suck  their  juices.  But  Savigny,  on  applying 
the  principles  of  his  theory,  has  recognised,  in 
the  proboscis  of  the  Cimex,  the  existence  of  all 
the  constituent  elements  that  are  found  in  the 
mouth  of  insects  formed  for  the  mastication  of 
solid  food.  This  proboscis  consists  of  four  elon- 
gated filaments,  contained  in  a  kind  of  sheath : 
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these  filaments  are  represented  in  Fig.  268, 
separated  to  a  little  distance 
from  each  other,  m  order  that 
their  respective  origins  may 
be  distinctly  seen ;  the  one 
set  (q)  being  prolongations  of 
the  mandibles  (j),  and  the 
other  set  (p)  being,  in  like 
manner,  prolongations  of  tlie 
maxillffi  (m).  Between  these 
filaments,  and  near  their  com- 
mencement, is  seen  a  pointed 
cartilaginous  body  (g),  which 
is  the  glossa,  or  tongue ;  and 
the  aperture  seen  at  its  root  is 
the  passage  into  the  oesopha- 
gus. The  sheath  is  merely 
the  elongated  labium,  of  which 
the  base  is  seen  at  l,  in  Fig. 
268 ;  but  is  represented  in  its  whole  length  in 
Fig.  269,  where  the  groove  for  containing  the 
filaments  above  described,  is  apparent. 

In  the  mouths  of  the  Annelida  we  often  meet 
with  hard  bodies,  which  serve  the  purposes  of 
jaws  and  of  teeth.  The  retractile  proboscis  of 
the  Aphrodite,  or  sea-mouse,  is  furnished  with 
four  teeth  of  this  description.  The  Leech  has, 
immediately  within  its  lips,  three  semi-circular 
teeth,  with  round  and  sharp  cutting  edges :  they 
are  delineated    in   Fig.  262,   in  their  relative 
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positions;  and  Fig.  263  represents  one  of  the 
teeth  detached  trom  the  rest.  It  is  with  these 
teeth  that  the  leech  pierces  the  skin  of  Uie 
animals  whose  blood  it  sucks ;  and  as  soon  as 
the  wound  is  inflicted,  the  teeth,  being  moveable 
at  their  base,  fall  back,  leaving  the  opening  of 
the  mouth  free  for  sucking.  The  wound  thus 
made  is  of  a  peculiar  form,  being  composed  of 
three  lines,  radiatii^  AY>m  a  centre,  where  the 
diree  teeth  had  penetrated. 

M(»t  of  the  Molliisca  which  inhabit  univalve 
shells  are  provided  with  a  tubular  oi^n,  of  a 
cylindric  or  conical  shape,  capable  of  elongation 
and  contraction,  by  circular  and  longitudinal 
muscular  fibres,  and  serving  the  purpose  of  a 
proboscis,  or  organ  of  prehension  for  seizing  and 
conveying  food  into  the  mouth.  These  tubes 
are  of  great  size  in  the  Buccinum,  the  Murex, 
and  the  Valuta,  as  also  in  the  Doris,  which, 
though  it  has  no  shell,  is  likewise  a  gasteropode. 
In  those  molluBca  of  this  order  which  have  not  a 
proboscis,  as  the  Limax,  or  slug,  the  Helix,  or 
snail,  and  the  Aplasia,  or  sea-hare,  the  mouth 
is  tiimished  with  broad  lips,  and  is  supported  by 
an  internal  cartilage,  having  several  tooth-like 

2J0  projections,  which  assist  in  laying  hold 
^|||^  of  the  substances  taken  as  food.  That 
^  ^     of  the  snail  is  represented  in  Fig.  270. 

All  the  Sepia,  or  cuttle  fish  tribe,  are  fur- 
nished, at  the  entrance  of  the  mouth,  with  two 


lyGOOgIC 


JAWS  OF  FISHES.  127 

horny  jaws,  having  a  remarkable  resein})lance 
to  the  bill  of  a  parrot ;  excepting  that  the  lower 
piece  is  the  largest  of  the  two,  and  covers  the 
upper  one,  which  is  the  reverse  of  what  takes 
[dace  in  the  parrot.  These  constitute  a  powerful 
instrument  for  breaking  the  shells  of  the  mol- 
lusca  and  Crustacea  which  compose  the  usual 
prey  of  these  animals. 

Fishes  almost  always  swallow  their  food  entire, 
so  that  their  jaws  and  teeth  are  employed  prin- 
cipally as  organs  of  prehension  and  detention ; 
and  the  upper  jaw,  as  well  as  the  lower  one, 
being  moveable  upon  the  cranium,  they  are 
capable  of  opening  to  a  great  width.  The  bony 
pieces  which  compose  the  jaws  are  more  nume- 
rous than  the  corresponding  bones  in  the  higher 
classes  of  vertebrata,  and  they  appear,  therefore, 
as  if  their  developement  had  not  proceeded  suf- 
ficiently far  to  effect  their  consolidaticHi  into 
more  compact  structures.* 

Fishes  which  live  upon  other  animals  of  the 
same  class  having  a  soft  texture,  are  furnished 
with  teeth  constructed  merely  for  seizing  their 
prey,  and  perhaps  also  for  slightly  dividing  it, 
so  as  to  adapt  it  to  being  swallowed.  These 
teeth  are  of  various  shapes,  though  usually  sharp 

*  Attempts  have  been  made  to  trace  analogies  between  the 
diSerent  segments  of  the  Jaws  of  fishes  and  correBponding  parts 
of  the  moutiis  of  crustacea  and  of  insects :  but  the  justness  of 
these  analogies  is  yet  far  from  being  satisfactorily  proved. 
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at  the.  points,  and  either  conical  or  hooked  at 
the  extremity,  with  the  points  always  directed 
backwards,  in  order  to  prevent  the  escape  of  the 
animal  which  has  heen  seized.  Those  fishes 
which  subsist  on  testaceous  mollusca  have  teeth 
with  grinding  surfaces,  and  their  jaws  are  also 
adapted  for  mastication.  Every  part  of  the 
mouth,  tongue,  and  even  throat,  may  afford 
lodgement  for  teeth  in  this  class  of  animals. 
Almost  the  whole  cavity  of  the  mouth  of  the 
Anarrkichas  lupus,  or  wolf-fish,  may  be  said 
to  be  paved  with  teeth,  a  triple  row  being  im- 
planted on  each  side ;  so  that  this  fish  exerts 
great  power  in  breaking  shells.  The  Shark  has 
numerous  rows  of  sharp  teeth,  with  serrated 
mai^ins :  these  at  first  sight  appear  to  be  for- 
midable instruments;  but  as  the  teeth  in  the 
opposite  jaws  do  not  meet,  it  is  evident  that  they 
are  not  intended  for  cutting,  like  the  incisors  of 
mammalia. 

Among  Reptiles,  we  find  the  Batrachia  almost 
wholly  destitute  of  teeth.  Frogs,  indeed,  exhibit 
two  rows  of  very  fine  points;  the  one  in  the 
upper  jaw,  and  the  other  passing  transversely 
across  the  palate :  they  may  be  considered  as 
teetli  existing  in  a  rudimental  state ;  for  they 
are  not  sufficiently  developed  to  be  useful  in 
mastication.  There  are  about  forty  of  these 
minute  teeth  on  each  side  in  the  frc^.  In  the 
Salamander,  there  are  sixty  above  and  below ; 
and  also  thirty  on  each  side  of  the  palate. 
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The  tongue  of  the  frog  is  of  great  length ;  its 
root  is  attached  close  to  the  fore  part  of  the 
lower  jaw,  while  its  point,  which  is  cloven,  is 
turned  backwards,  extending  into  the  throat  and 
acting  like  a  valve  in  closing  the  air  passage 
into  the  lungB.  If,  when  this  uiimal  has  «p- 
proached  within  a  certain  distance  of  the  insect 
it  is  about  to  seize,  we  watch  it  with  attention, 
we  are  surprised  to  observe  the  insect  suddenly 
disappear,  without  our  boag  able  to  peroeive 
whet  has  beccone  of  it.  This  ttises  iitHn  the 
frog  having  darted  out  its  tongue  upon  its  victim 
with  such  extreme  quickness,  and  withdrawn  it, 
with  the  insect  adhering  to  it,  so  rapidly,  that  it 
is  scarcely  possible  for  the  eye  to  follow  it  in  its 
motion.  The  Chameleon  also  has  a  very  long 
and  slender  tongue,  the  extremity  of  which  is 
dilated  into  a  kind  of  club,  or  ^x>on,  and  covered 
with  a  glutinous  matter:  with  this  instrument 
the  animal  catches  insects  from  a  considerable 
distance,  by  a  similar  manceuvre  to  that  pirac- 
'  tised  by  the  frog.* 

Serpents  and  Lizards  have  generally  etu-ved 
w  conical  teeth,  calculated  rather  for  tearing  and 
holding  the  food,  than  for  masticating  it :'  like 
tiiose  of  fishes,  they  are  affixed  partly  to  tlie 

*  Mr.  HouRtoQ  has  ghen  a  deictiptioa  of  the  structure  of  this 
organ,  and  of  the  muscles  by  which  it  is  moved,  in  a  paper  con- 
tained in  the  Transactions  of  the  Royal  Irish  Academy,  vol.  xr. 
p.  177. 
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jaws,  and  partly  to  the  palate.  The  Chelonian 
reptiles  have  no  teeth;  their  office  being  sup- 
plied by  the  sharp  cutting  edges  of  the  homy 
portion  of  the  jaws. 

Birds,  as  well  as  serpents,  have  a  moveaUe 
upper  jaw ;  but  they  are  also  provided  wiUi 
beaks  of  various  forms,  in  which  we  may  trace 
an  exact  adaptation  to  the  kind  of  food  appro- 
priated to  each  tribe :  thus  predaceous  birds,  as 
the  eagle  and  the  hawk  tribe,  have  an  exceed- 
ingly strong  hooked  beak,  for  tearing  and  di- 
viding the  flesh  of  the  animals  on  which  they 
prey;  while  those  that  feed  on  insects,  or  on 
grain,  have  pointed  bills,  adapted  to  picking  up 
minute  objects.  Aquatic  birds  have  generally 
flattened  bills,  by  which  they  can  best  select 
their  food  among  the  sand,  the  mud,  or  the 
weeds  at  the  bottom  of  the  water;  and  their 
edges  are  frequently  serrated,  to  allow  the  fluid 
to  filter  through,  while  the  solid  portions  are 
retained  in  the  mouth.  The  duck  affiirds  an 
instance  of  this  structure ;  which  is,  however, 
still  more  stivngly  marked  in  the  genus  Met-gia, 
or  Mergansor,  where  the  whde  lei^^  of  the 
margin  of  the  bill  is  beset  with  small  shaip 
pointed  teeth,  directed  backwards :  they  are  par- 
ticularly conspicuous  in  the  Mergus  serrator,  or 
red-breasted  Mei^;ansor.  The  object  of  the 
barbs  and  fringed  processes  which  are  appended 
to  the  tongue  in  many  birds,  such  as  that  of  the 
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Toucan  and  the  Pm-rakeet,  appears,  in  like 
manner,  to  be  the  detention  of  substances  intro- 
'  daced  into  the  mouth. 
■  Thebeakofthe  jSr(ema<o;>tu,orOyBteT-catcher, 
has  a  wedge  shape,  and  acta  like  an  oyster- 
knife  for  opening  bivalve  shells. 

In  the  Loxia  curvirostra,  or  Cross-bill,  Ihe 
upper  and  lower  mandibles  cross  each  oth^ 
when  the  moudi  is  closed,  a  structure  which 
enables  this  bird-  to  tear  open  the  cones  of  the 
pine  and  fir,  and  pick  out  the  seeds,  by  insi- 
nuating the  bill  between  the  scales.  It  can  sg^t 
cherry  stones  with  the  utmost  ease,  and  in  a 
very  short  time,  by  means  of  this  peculiarly 
shaped  bill.* 

Birds  which  dive  for  the  purpose  of  catching 
fish  have  often  a  bill  of  considerable  length, 
which  enables  them  to  secure  their  prey,  and 
change  its  position  till  it  is  adapted  for  swal- 
lowing. 

The  Rhynckops,  or  black  Skimmer,  has  a  very 
singularly  formed  beak ;  it  is  very  slender,  but 
the  lower  mandible  very  much  exceeds  in  length 
the  upper  one,  so  that  while  skimming  the 
waves  in  its  flight,  it  cuts  the  water  like  a 
plongh-share,  catching  the  prey  which  is  on  the 
sarface  of  the  sea. 

The  Woodpecker  is  furnished  with  a  singular 

*  See  a  paper  on  the  raechaniam  of  the  bill  of  this  biid,  by 
Mr.  Yarrell,  in  the  Zoological  Journal,  iv.  459. 


t:  Go  Ogle 


132  THE  VITAL  FUNCTIONS. 

apparatus  for  enabling  it  to  dart  out  with  great 
Telocity  its  long  and  pointed  tcwgue,  and  transfix 
the  insects  on  which  it  principally  feeds;  and 
these  motions  are  performed  so  quickly  that  the 
eye  can  scarcely  follow  them.  This  remarkable 
mechanism  is  delineated  in  Fig.  271,  which 
r^reeents  the  head  of  the  woodpecker,  with  the 
skin  removed,  and  the  parts  dissected.  Tlw 
tongue  itself  (t)  is  a  slender  sharp-pointed 
homy  cyliader,  having  its  extremity  (b)  beset 
with  barbs,  of  which  the  points  are  directed 
backwards:  it  is  suppoited  on  a  slender  Os 
Hyoides,  or  lingual  bone,  to  the  posterior  end 
of  which  the  extremities  of  two  very  long  and 
narrow  cartilaginous  processes  are  articulated.* 
The  one  od  the  right  side  is  shown  in  the  figure, 


*  These  cartilages  correspond  in  situation,  at  the  part,  at 
least,  where  they  are  joined  to  the  ob  hyoidea,  to  what  are  called 
the  comva,  or  horns  of  that  bone,  in  other  animals. 
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nearly  ia  the  whole  extent  of  its  coarse,  at  c,  n, 
E,  F,  and  a  small  portion  of  the  left  cartilage  is 
seen  at  l.  The  two  cartilages  form,  at  their 
juncUon  with  the  tongue,  a  very  acute  angle, 
^ghtly  diverging  as  they  proceed  backwards; 
until,  balding  downwards  (at  c),  they  pass  o1>- 
Uquely  round  the  sides  of  the  neck,  connected 
by  a  membrane  (m)  ;  then,  being  again  inflected 
upwards,  they  conrerge  towards  the  back  of  the 
head,  where  they  meet,  and,  being  enclosed  in  a 
common  riieath,  are  conducted  together  along  a 
groove,  which  extends  forwards,  tdong  the  middle 
line  of  the  cranium  (e),  till  it  arrives  betweoi 
'the  eyes.  From  this  point,  the  groove  and  the 
two  cartilages  it  contains,  which  are  now  more 
closely  conjoined,  are  deflected  towards  the 
right  side,  and  terminate  at  the  edge  of  the 
aperture  of  the  right  nostril  (f),  into  which  the 
united  cartilages  are  finally  insertedt  In  order 
that  their  course  may  be  seen  more  distinctly, 
these  cartilages  are  represented  in  the  figure 
(at  d),  drawn  out  of  the  groove  provided  to 
receive  and  protect  them.*  A  long  and  slender 
muscle  is  attached  to  the  inner  margin  of  each 
of  these  cartilages,  and  their  actions  conspire  to 
raise  the  lower  and  lOost  bent  parts  of  the 
cartilages,  so  that  th^  curvature  is  diminished, 
antd  the  tongue  protruded  to  a  considerable  dis- 

*  S  is  the  Urge  salivary  gland  oh  the  right  side. 
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tance,  for  the  purpose  of  catching  insects.  As 
sooD  as  this  has  beeo  accompliBhed,  these 
muscles  being  suddenly  relaxed,  another  aet  of 
fibres,  passing  in  front  of  the  anterior  porti(m  ei 
die  cartilages  nearly  pantltel  to  them,  are  thrown 
into  action,  and  as  suddenly  retract  the  tongue 
into  the  mouth,  with  the  insect  adhering  to  its 
barbed  extremity.  This  muscular  efibrt  is,  how- 
ever, very  materially  assisted  by  the  long  and 
tortuous  course  of  these  arched  cartilages,  whioh 
are  nearly  as  elastic  as  steel  springs,  and  effect 
a  considerable  saving  of  mnscolar  power.*  This 
was  the  more  necessary,  because,  while  the  bird 
is  on  the  tree,  it  repeats  these  motions  almost* 
incessantly,  boring  holes  in  the  bark,  and  pick- 
ing op  the  minutest  insects,  with  the  atmost 
celerity  and  precision.  On  meeting  with  aiv  ant- 
hill, the  woodpecker  easily  lays  it  open  by  the 
combined  efforts  of  its  feet  and  bill,  and  soon 
makes  a  plentiful  meal  of  the  ants  and  their 

eggs- 

Among  the  Mammalia  which  have  no  teeth, 
the  Mtfrmecophaga,  or  Ant-eater,  practises  a  re- 
markable manoeuvre  for  catching  its  prey.  'Hie 
tongue  of  this  animal  is  very  long  and  slender, 
and  has  a  great  reseittblance  to  an  earth-worm : 
that  of  the  two-toed  ant-eater  is  very  nearly 
one-third  of  the  lei^h  of  the  whole  body ;  and 

*  An  account  of  this  mechanism  is  given  by  Mr.  Waller,  in 
the  Phil.  TTans.  Tor  1716,  p.  509. 
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at  its  base  is  scarcely  thicker  than  a  crow-quill. 
It  is  furnished  with  a  long  and  powerlul  muscle, 
wlueh  arises  from  the  sternum,  and  is  continued 
into  its  substance,  affording  the  means  of  a  quick 
retraction,  as  well  as  lateral  motion ;  while  its 
elongation  and  other  movements  are  effected  by 
circular  fibres,  which  are  exterior  to  the  former. 
When  laid  on  the  groimd  in  the  usual  track  of 
ants,  it  is  socm  covered  with  these  insects,  and 
being  suddenly  retracted,  transfers  them  into 
the  mouth ;  and  as,  from  their  minutmess,  they 
require  no  mastication,  they  are  swallowed  un- 
.  divided,  and  without  there  being  any  necessity 
for  teeth. 

The  lips  of  quadrupeds  are  often  elon^ted  for 
the  more  ready  prehension  of  food,  as  we  see 
^umplified  in  the  Rhinoceros^  whose  upper  Up 
is  so  extensible  as  to  be  capable  of  performing 
the  office  of  a  small  proboscis.  The  Sorex 
moschatus,  or  musk  shrew,  whose  favourite  food 
is  leeches,  has  likewise  a  very  moveable  snout, 
by  which  it  gropes  for,  and  seizes  its  prey  from 
the  bottom  of  the  mud.  More  frequently,  how- 
ever, this  office  of  prehension  is  performed  by 
the  tongue,  which  for  that  purpose  is  very 
flexible  and  much  elongated,  as  we  see  in  the 
CmmeUopard,  where  it  acts  like  a  hand  in  grasp- 
ing and  bringii^  down  the  branches  of  a 
tree.* 

•  Home,  LectufM,  &c.  »i.  Plate  32. 
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In  the  animals  belonging  to  the  genuB  FeliSf 
each  of  the  papillce  of  the  tongue  is  armed  with 
a  homy  sheath  terminating  in  a  i^ai^  point, 
which  is  directed  backwards,  so  as  to  detain  the 
food  and  prevent  its  escape.  These  prickles  axe 
of  great  size  and  strength  in  the  lai^er  beasts  of 
prey,  as  the  Lion  and  the  Tiger;  they  are  met 
with  also  in  the  Opossum,  and  in  many  species 
of  bats,  more  e^iecially  those  belonging  to  the 
genus  Pteropus:  all  these  homy  productions 
have  been  r^;anled  as  analogous  to  the  lingual 
teeth  of  fishes,  already  noticed. 

The  mouth  of  the  Oi-nithor^ncus  has  a  fcom 
of  constmction  intermediate  between  ttuU  of 
quadmpeds  and  Inrds  \  being  furnished,  like 
the  former,  with  ^ndmg  teeth  at  the  p<»terior 
part  of  both  the  upper  and  lower  jaws,  but 
they  are  of  a  horny  substance ;  and  the  mouUi 
is  terminated  in  front  by  a  horny  bill,  greatly 
resembling  that  of  the  duck,  or  the  spoon- 
biU. 

The  Whale  is  furnished  with  a  singular  appa- 
ratus designed  for  filtration  on  a  la^e  scale. 
The  palate  has  the  form  of  a  concave  dome,  and 
from  its  ades  there  desceinds  vertically  into  the 
mouth,  a  multitude  of  thin'  plates  set  parallel  to 
each  other,  with  one  of  th^  ec^es  directed 
towards  the  circumference,  end  the  other  towards 
the  middle  of  the  palate.  These  plates  are  known 
by  the  name  of  tc/talebone^  and  their  general  form 
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and  appearance,  as  they 'hang  from  the  roof  of 
the  palate,  are  shovrn  in  Fig.  272,  which  repre- 
sents only  six  of  these  plates.*  They  are  con- 
nected 'to  the  bone  by  means  of  a  white  liga- 
mentous substance,  to  which  they  are  imme- 
diately attached,  and  from  which  they  appear  to 
grow  :  at  their  inner  mai^ins, 
the  fibres,  of  which  their  tex- 
ture is  throughout  composed, 
cease  to  adhere  together ;  but, 
being  loose  and  detached, 
form  a  kind  of  fringe,  calcu- 
lated to  intercept,  as  in  a  sieve, 
all  solid  or  eren  gelatinous 
substances  that  may  have  been 
admitted  into  the  cavity  of  the 
mouth,  which  is  exceedingly 
capacious ;  for  as  the  plates 
of  whalebone  grow  only  from 
the  margins  of  the  upper  jaw, . 
they  leave  a  large  space  with- 
in, which  though  narrow  an- 
teriorly is  wider  as  it  extends 
backwards,  and  is  capable  of 
holding  a  large  quantity  of  water.  Thus  the 
whale  is  enabled  to  collect  a  whole  shoal  of  mol- 

*  In  the  Piked  Whale  the  pUtea  of  whaicbone  are  placed 
very  near  together,  not  being  &  quarter  of  an  inch  asunder ;  and 
there  are  aboYe  three  hundred  plates  in  the  outei  rows  on  each 
side  of  the  month. 
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lusca,  and  other  soiall  prey,  by  taking  into  its 
mouth  the  sea  water  which  contaiDs  these  ani- 
mals, and  allowing  it  to  drain  off  through  the 
sides,  after  passing  through  the  interstices  of  the 
net  wo^  formed  by  the  filaments  of  the  whale- 
bmic.  Some  contrivance  of  this  kind  was  even 
necessary  to  this  animal,  because  the  entrance 
into  its  oesophagus  is  too  narrow  to  admit  of  the 
passage  of  any  prey  of  considerable  size ;  and  it 
is  not  furnished  with  teeth  to  reduce  the  food 
into  smaller  parts.  The  principal  food  of  the 
Baleena  Myaiicttus,  or  great  whalebone  whale  of 
the  Arctic  Seas,  is  the  small  CKo  Sorealis, 
which  swarms  in  immense  numbers  in  those 
regions  of  the  ocean ;  and  which  has  been  fd- 
ready  delineated  in  Fig.  120.* 

These  remarkable  organs  for  filtration  entirely 
supersede  die  use  of  ordinary  teeth;  and  ac- 
cordingly no  traces  of  teeth  are  to  be  discovered 
either  in  the  upper  or  lower  jaw.  Yet  a  ten- 
dency to  conform  to  the  type  of  the  mammalia 
is  manifested  in  the  early  conformation  of  the 
whale;  for  rudiments  of  teeth  exist  in  the  in- 
terior of  the  lower  jaw  before  birth,  lodged  in 
deep  sockets,  and  forming  a  row  m  each  side. 
The  developement  of  these  imperfect  teeth  pro- 
ceeds no  farther ;  they  even  disappear  at  a  very 
early  period,  and  the  groove  which  contained 

•  \<A.  i.  p.  258. 
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them  closes  over,  and  after  a  short  time  can  no 
longer  foe  seen.  For  the  discovery  of  this 
curious  fact  we  are  indebted  to  Geofiroy  St. 
Hilaire.*  In  connexion  with  this  subject,  an 
analogous  fact  which  has  been  noticed  in  the 
parrot  may  here  be  mentioned.  The  young  of 
the  parrot,  while  still  in  the  e^,  presents  a  row 
of  tubercles  along  the  edge  of  the  jaw,  in  ex- 
ternal appearance  exactly  resembling  the  rudi- 
ments of  teeth,  but  without  being  implanted 
into  r^;ular  sockets  in  the  maxillary  bones : 
they  are  formed,  however,  by  a  [»t>ces8  precisely 
similar  to  that  of  dentition ;  that  is,  by  depo- 
sition from  a  vascular  pulp,  connected  with  the 
jaw.  These  tubercles  are  afterwards  consoli- 
dated into  one  piece  in  each  jaw,  formii:^  by 
their  union  the  beak  of  the  parrot,  in  a  manner 
perfectly  analt^ous  to  that  which  leads  to  the 
conetmction  of  the  compound  tooth  of  the  ele- 
phant, and  which  I  shall  presently  describe. 
Ilie  original  indentati<nis  are  obliterated  as  the 
beak  advances  in  growth;  but  they  are  per- 
manent in  the  bill  of  the  duck,  where  the 
structure  is  very  similar  to  that  above  described 
in  the  embryo  of  the  parrot. 

*  Govicr,  Ossemens  Fossiles,  3me  edition,  torn.  *.  p.  300. 


oy  Go  Ogle 


140  THE  VITAL  FUNCTIONS. 

^  3.  Mastication  by  tneans  of  Teeth. 

The  teeth,  beiog  eaeeDtial  instruments  for  seizing 
and  holding  the  food,  and  effecting  that  degree 
of  mechanical  dirision  necessary  to  prepare  it 
for  the  chemical  action  of  the  stomach,  perform, 
of  course,  a  very  important  part  in  the  economy 
of  most  animals;  and  in  ncme  more  so  than  in 
the  Mammalia,  the  food  of  which  generally  re- 
quires considerable  preparation  previous  to  its 
digestion.  There  exist,  accordingly,  the  most 
intimate  relations  between  the  kind  of  food 
upon  which  each  animal  of  this  class  is  intended 
by  nature  to  subsist,  and  the  form,  structure, 
and  position  of  the  teeth ;  and  these  relations 
may,  indeed,  be  also  traced  in  the  shape  of  the 
jaw,  in  the  mode  of  its  articulation  with  the 
head,  in  the  proportional  size  and  distribution  of 
the  muscles  which  move  the  jaw,  in  the  form  of 
the  head  its^f,  in  the  length  of  the  neck,  and  its 
poaltion  on  the  trunk,  and  indeed  in  the  whole 
conformation  of  the  skeleton.  But  since  the 
nature  of  the  appropriate  food  is  at  once  indi- 
cated by  the  structure  and  arrangement  of  the 
teeth,  it  is  evident  that  these  latter  oi^ans,  in 
particular,  will  affwd  to  the  naturalist  most  im- 
portant characters  for  establishing  a  systematic 
classification  of  animals,  and  more  especially  of 
quadrupeds,  where  the  differences  among  the 


lyGOOgIC 


OFFICES  OF  THE  TK£TH.  141 

teeth  are  very  considerable;  and  these  differ- 
ences have,  accordingly,  been  the  object  of  much 
careful  study.  To  the  phyaoiogist  they  present 
views  of  still  higher  interest,  by  exhibiting  most 
striking  evidences  of  the  provident  care  with 
which  every  part  of  the  organization  of  animals 
has  been'  constructed  in  exact  reference  to  their 
respective  wants  and  destinations. 

The  purposes  answered  by  the  teeth  are  prin- 
cipally those  of  seizing  and  detaining  whatever 
is  introduced  into  the  mouth,  of  cutting  it 
asunder,  and  dividing  it  into  smaller  pieces,  of 
loosening  its  fibnms  structure,  and  of  breaking 
down  and  grinding  its  harder  portions.  Occa- 
atonaUy  stune  particular  teeth  are  much  enlarged, 
in  ordet  to  serve  as  weapons  of  attack  or  of 
defence ;  for  which  purpose  they  extend  beyond 
the  mouth,  and  are  then  generally  denominated 
tus/a;  this  we  see  exemplified  in  the  El^hant, 
the  Narwhal,  the  Wahvs,  the  Hippopotamus, 
the  Boar,  and  the  Babiroussa. 

Four  principal  forms  have  been  given  to  teeth, 
which  accordingly  may  be  distinguished  into 
the  cwiical,  the  sharp-edged,  the  flat,  and  the 
tuberculated  teeth ;  though  we  occasionally  find 
a  few  intermediate  modifications  of  these  fonns. 
It  is  easy  to  infer  the  particular  functions  of 
each  class  of  teeth,  from  the  obvious  mechanical 
actions  to  which,  by  their  form,  they  are  espe- 
cially adapted.    The  conical  teeth,  which  are 
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generally  also  gharp-pointed,  are  principally  em- 
ployed in  seizing,  piercing,  and  holding  objectB : 
such  are  the  offices  which  they  perfmin  in  the 
Crocodile,  and  other  Saurian  reptiles,  where  all 
the  teeth  are  of  this  structure ;  and  such  are  also 
their  uses  in  most  of  the  Cetacea,  where  similar 
fimnB  and  arrangements  of  tee^  prevail.  All 
the  Dolphin  tribe,  such  as  the  Porpus,  the 
Gramptu,  and  the  Dolphin,  are  furnished  with  a 
uniform  row  of  conical  teeth,  set  rmind  both 
jaws,  in  number  amounting  frequently  to  two 
hundred.  Fig.  273,  which  represents  the  jaws 
of  the  Porpus,  shows  the  form  of  Uiese  simply 


prehensile  teeth.  The  Cachalot  has  a  similar 
row  of  teeth,  which  are,  however,  confined  to  the 
lower  jaw.  All  these  animals  subsist  upon  fish, 
and  their  teeth  are  therefore  constructed  very 
much  on  the  model  of  those  of  fish ;  while  those 
Cetacea,  on  the  other  hand,  which  are  her^ 
bivOTous,  as  the  Manaius  and  the  Dugoiig,  or 
Indian  Walrus,  have  teeth  very  differmdy 
formed.  The  tusks  of  animals  must  necessarily, 
as  respects  their  shape,  be  classed  among  the 
conical  teeth. 
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The  diarp-edged  teeth  perform  the  office  of 
cuttug  and  dividing  the  yielding  textures  pre- 
sented to  them ;  they  act  iodividually  as  wedges 
or  chisels ;  but  when  co-operating  with  similar 
teeth  in  the  opposite  jaw,  they  have  the  power 
of  cutting  like  shears  or  scissors.  The  flat  teeth, 
of  which  the  surfaces  are  generally  rough,  are 
used  in  conjunction  with  those  meetiog  them  in 
the  opposite  jaw  for  grinding  down  the  food  by 
a  lateral  motion,  in  a  manner  analc^;ous  to  the 
operation  of  mill-stones  in  a  mill.  The  tuber- 
culated  teeth,  o£  which  the  surfaces  present  a 
number  of  rounded  eminences,  corresponding  to 
depressions  in  the  teeth  opposed  to  them  in  the 
other  jaw,  ^t  more  by  thMr  direct  pressure  in 
breaking  down  hard  substances,  and  pounding 
them,  as  they  would  be  in  a  mortar. 

The  position  of  the  teeth  in  the  jaws  has  been 
another  ground  of  distinction.  In  those  Mam- 
malia which  exhibit  the  most  complete  set  of 
te^,  the  foremost  in  the  row  have  the  sharp- 
edged  or  chisel  shape,  constituting  the  blades  of 
a  cutting  instrument ;  and  they  are  accordingly 
denominated  incisors.  The  incisors  of  the  upper 
jaw  are  always  implanted  in  a  bone,  intermediate 
between  the  two  upper  jaw  bones,  and  called 
the  intervutxiliary  bones.*     The  conical  teeth, 

*  Those  teeth  of  the  lower  jaw  which  correspood  with  the 
indaora  of  Hie  upper  j«w,  are  bIm  coDudered  u  iocisore.  Id 
Han,  and  in  the  speciet  of  quBdnimaoa  that  most  aearly  re- 
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immediately  foUowimg  the  incisors,  are  called 
cuspidate,  or  ca$iine  teeth,  from  their  bein^  par- 
ticularly conspicuoDa  in  dogs ;  as  they  are,  in- 
deed, in  all  the  purely  carniTorous  tribes.  In  the 
Im'ger  beasts  of  prey,  as  the  lion  and  the  tiger, 
they  become  most  powerful  weapons  of  destruc- 
tion :  in  the  boar  they  are  likewise  of  great 
size,  and  constitute  the  tusks  of  the  animal.  All 
the  teeth  that  are  placed  farther  back  in  the 
faw  are  designated  by  the  general  name  of  tnolar 
teeth,  or  grinders,  but  it  is  a  class  which  induct 
aeveral  diffisrent  forms  of  teeth.  Those  teeth 
which  are  situated  next  to  the  canine  teeth, 
partake  of  the  conical  form,  having  pmnted  emi- 
nences ;  these  are  called  the  false  inolar  teeth, 
and  also,  from  their  having  generally  two  points, 
or  cusps,  the  bicuspidate  teeth.  The  posterior 
molar  teeth  are  differently  shaped  in  cftmivoroiu) 
animals,  for  they  are  raised  into  sharp  and  often 
serrated  ridges,  having  many  of  the  properti^ 
of  cutting  teeth.  In  insectivtnrms  and  fnt- 
givoroos  animEits  their  surfoce  presents  pro- 
minent tubercles,  either  pointed  or  rounded,  for 
ponndii^  the  food ;  while-  in  quadrupeds  that 
feed  on  grass  or  grain  they  are  flat  and  rough, 
for  the  purpose  simply  of  grinding. 

The  apparatus  for  giving  motion  to  the  jaws 

Kmble  him,  the  suturea  which  divide  the  intermBxillary  from  the 
maxillary  bones  are  obliterated  before  birth,  and  leare  in  the 
adult  no  trace  of  their  former  existence. 
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is  likewise  raried  according  to  the  particular 
moremeDts  required  to  act  upoa  the  food  in  the 
different  tribes.  The  articulation  of  the  lower 
jaw  with  the  temporal  bmie  of  the  skull  i^ 
proaches  to  a  hinge  joint ;  but  considerable  latt- 
tude  is  allowed  to  its  motions  by  the  interpoei- 
titm  of  a  moveable  cartilf^e  between  the  two 
surfaces  of  articulation,  a  contrivance  admirably 
answering  the  intended  purpose.  Hence,  in  ad- 
.dition  to  the  principal  movements  of  opening 
Bitd  shutting,  which  are  made  in  a  vertical 
direction,  the  lower  jaw  has  also  some  degree  of 
mobility  in  a  horizontal  or  lateral  direction,  and 
is  likewise  capable  of  being  mo\ed  backwards 
or  forwards  to  a  certain  extent.  The  muscles 
which  effect  the  closing  of  the  jaw  are  princi- 
pally the  temporal  and  the  masseter  muscles; 
the  former  occupying  the  hollow  of  the  temples, 
the  latter  connecting  the  lower  angle. of  the  jaw 
with  the  zygomatic  arch.  The  lateral  motions 
of  the  jaw  are  effected  by  muscles  placed  inter- 
nally between  the  sides  of  the  jaw  and  the  basis 
of  the  skull. 

In  the  conformation  of  the  teeth  and  jaws,  a 
remaikable  contrast  is  presented  between  car- 
nivorous and  h^ivorous  animals.  In  the  for- 
mer, of  which  the  Tiger,  Fig.  274,  may  be  taken 
as  an  example^  the  whole  apparatus  for  masti- 
cation is  calculated  for  the  destruction  of  life, 
and  for  tearing  and  dividing  the  fleshy  fibres. 

VOL.  11.  L 
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The  molar  teeth  are  armed  with  pointed  emi- 
nences, which  correspond  in  the  opposite  jaws 


so  as  exactly  to  lock  into  one  another,  like 
wheelwork,  wljen  the  mouth '  i»  closed.  All  the 
muscles  which  close  the  jaw  are  d  enormous 
size  and  strength,  and  they  imprint  the  bones 
of  the  skull  with  deep  hollows,  in  which  we 
trace  marks  of  the  most  powerful  action.  The 
temporal  muscles  occupy  the  whole  of  the  sides 
of  the  skull  (t,  t)  ;  and  by  the  continuance  of 
their  v^rous  exertions,  during  the  growth  of 
the  animal,  alter  so  considerably  the  form  of  the 
bones,  that  the  skulls  of  the  young  and  the  old 
animals  are  often  with  difficulty  recognised  as 
belonging  to  the  same  species.*  The  process  of 
the  lower  jaw  (seen  between  t  and  t),  to  which 
this  temporal  muscle  is  attached,  is  large  and 

*  Tbis  is  remarkably  the  case  with  the  Bear,  the  skull  of 
which  exhibits  in  old  animals  a  lar|;e  vertical  crest,  not  met  with 
at  an  early  period  of  life. 
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prominent;  and  the  arch  of  bone  (z),  from  which 
Uie  masseter  arises,  takes  a  wide  span  outwards, 
BO  as  to  give  great  strength  to  the  muscle.  The 
condyle,  or  articulating  surface  of  the  jaw  (c),  is 
received  into  a  deep  cavity,  constituting  a  strictly 
hinge  joint,  and  admitting  simply  the  motions  of 
opening  and  shutting. 

In  herbivorous  animals,  on  the  contrary,  as 
may  be  seen  in  the  skull  of  the  Antelope,  Fig. 
275,  the  greatest  force  is  bestowed,  not  so  much 


on  the  motions  of  opening  and  shutting,  as  on 
those  which  are  necessary  for  grinding,  an^ 
which  act  in  a  lateral  direction.  The  temporal 
muscles,  occupying  the  space  t,  are  compara- 
tively small  and  feeble ;  the  condyles  of  the  jaw 
are  broad  and  rounded,  and  more  loosely  con- 
nected with  the  skull  by  ligaments ;  the  muscles 
in  the  interior  of  the  jaw,  which  move  it  from 
side  to  side,  are  very  strong  and  thick ;  and  the 
bone  itself  is   extended  downwards,   so  as  to 
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afford  them  a  broad  basis  of  attachment.  The 
surfaces  of  the  molar  teeth  are  flattened  and  of 
great  extent,  and  they  are  at  the  same  time  kept 
rough,  like  those  of  mill-stones,  their  office 
being  in  fact  very  similar  to  that  performed  by 
these  implements  for  grinding.  All  these  cir- 
cumstances of  difference  are  exemplified  in.the 
most  marked  manner,  in  comparing  together  the 
skulls  of  the  larger  beasts  of  prey,  as  the  tiger, 
the  wolf,  or  the  bear,  with  those  of  the  antelope, 
the  horse,  or  the  ox. 

The  Rodentia,  or  gnawing  quadrupeds,  which 

I  have  already  had  occasion  to  notice,  compose 

a  well-marked  family  of   Mammalia.      These 

animals  are  formed  for  subsisting  on  dry  and 

tough  materials,  from  which  but  little  nutriment 

can  be  extracted;  such  as  the  bark,  and  roots, 

and  even   the  woody  fibres  of  trees,  and  the  . 

harder  animal  textures,  which  would  appear  to 

be  most  difficult   of  digestion.     They   are  all 

animals  of  diminutive  stature,  wh(Ae  teeth  are 

expressly  formed  for 

gnawing,      nibbling, 

and  wearing  away  by 

continued     attrition, 

the   harder   textures 

of  organized  bodies. 

The  ^a/, whose  skull 

is  delineated  in  Fig.  276,  belongs  to  this  tribe. 

They  are  all  furnished  with  two  incisor  teeth  in 
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each  jaw,  generally  very  long,  and  having  the 
exact  shape  of  a  chisel ;  and  the  molar  teeth 
have  surfaces  irregularly  marked  with  raised 
zig-zi^  lines,  rendering  them  very  perfect  in- 
struments of  trituration.  The  zygomatic  arch  is 
exceedingly  slender  and  feeble ;  and  the  condyle 
is  lengthened  longitudinally  to  allow  of  the  jaw 
being  freely  moved  forwards  and  backwards, 
which  is  the  motion  for  which  the  muscles  are 
adapted,  and  by  which  the  grinding  operation  is 
performed.  The  Beaver,  the  Rat,  the  Marmot, 
and  the  Porcupine,  present  examples  of  this 
structure,  among  the  omniTorous  rodentia :  and 
the  Hare,  the  Rabbit,  the  Shrew,  among  those 
that  are  principally  herbivorous. 

The  Quadrumana,  or  Monkey  tribes,  approach 
nearest  to  the  human  structure  in  the  confor- 
-  mation  of  their  teeth,  which  appear  formed  for 
a  mixed  kind  of  food,  but  are  especially 
adapted  to  the  consumption  of  the  more  esculent 
fruits.  The  other  orders  of  Mammalia  exhibit 
intermediate  gradations  in  the  structure  of  their 
teeth  to  those  aboTO  described,  corresponding  to 
greater  varieties  in  the  nature  of  their  food.  Thus 
the  teeth  and  jaws  of  the  Hytena  are  formed 
more  especially  for  breaking  down  bones,  and 
in  so  doing  exert  prodigious  force ;  and  those  of 
the  Sea  Otter  have  rounded  eminences,  which 
peculiarly  fit  them  for  breaking  shells. 

The  teeth,  though    composed   of   the    same 
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chemical  ingredients  as  the  ordtnwy  bones, 
differ  from  them  by  having  a  greater  density 
and  compactness  of  texture,  whence  they  derive 
that  extraordinary  degree  of  hardness  which 
they  require  for  the  performance  oif  their  peculiar 
office.  The  substances  of  which  they  are  com- 
posed are  of  three  different  kinds  :  the  first, 
which  is  the  basis  of  the  rest,  constituting  the 
sc^id  nucleus  of  the  tooth,  has  been  considered 
as  the  part  most  analogous  in  its  nature  to  bone, 
but  from  its  much  greater  density,  and  from  its 
Offering  from  bone  in  the  mode.of  its  formation, 
the  name  of  ivoty  has  been  generally  given  to  it. 
Its  earthy  ingredient  consists  almost  entirely  of 
phosphate  of  lime,  the  proportion  of  the  car- 
bonate of  that  earth  enterii^.into  its  composition 
being  very  small;  and  the.  animal  portion  is 
albumen,  with  a  small  quantity  of  gelatin. 

A  layer  of  a  still  harder  substance,  termed  the 
mantel,  usually  covers  the  ivory,  and,  in  teeth  of 
the  «mplest  structure,  forms  tiie  whole  of  their 
outer  surfiuK :  this  is  the  case  with  the  teeth  of 
man  and  of  carnivorous  quadrupeds-  These  two 
substances,  and  the  directicm  of  their  layers,  are 
ae&a  in  Fig.  277,  which  is  the  section  of  a  simple 
tooth.  E  is  the  outer  case  of  enamel,  o  the 
osseous  portion,  and  p  the  cavity  where  the 
vascular  pulp  which  formed  it  was  lodged.  The 
enamel  is  composed  almost  wholly  of  phosphate 
of  lime,  containing  no  albumen,  and  scarcely  a 
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trace  of  gelatin ;  it  is  the  hardest  of  all  animal 
subetaoces,  and  is  capable  of  striking  fire  with 


steel.  It  exhibits  a  fibrous  structure,  approach- 
iag  to  a  crystalline  arrangement,  and  the  direc- 
tion of  its  fibres,  as  shown  by  the  form  of  its 
fragments  when  broken,  is  every  where  perpen- 
dicular to  the  surface  of  the  ivory  to  which  it  is 
applied.  The  ends  of  the  fibres  are  thus  alone 
exposed  to  the  friction  of  the  substances  on 
which  the  teeth  are  made  to  act ;  and  the  effect 
of  that  friction  in  wearing  the  enamel  is  thus 
rendered  the  least  possible. 

In  the  teeth  of  some  quadrupeds,  as  of  the 
Rhinoceros,  the  Hippopotamus,  and  most  of  the 
Rodentia,  the  enamel  is  intermixed  with  the 
ivory,  and  the  two  so  disposed  as  to  fonn  jointly 
the  surface  for  mastication.  In  the  progress  of 
life,  the  layers  of  enamel,  being  the  hardest,  are 
less  worn  down  by  firiction  than  those  of  the 
ivory,  and  therefwe  form  prominent  ridges  on 
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the  grinding  surface,  preserving  it  always  in  that 
rough  condition,  vhich  hest  adapts  it  for  the 
bruising  and  comminuting  of  hard  substances. 

The  incisors  of  the  rodentia  are  guarded  by  a 
piate  of  enamel  only  on  their  anterior  cMivei 
surfaces,  so  that  by  the  wearing  down  of  the 
ivory  behind  this  plate,  a  wedge-like  form,  of 
which  the  enamel  constitutes  the  fine  cutting 
edge,  is  soon  given  to  the  tooth,  and  is  constantly 
retained  as  long  as  tlie  tooth  lasts  (Fig.  280). 
This  mode  of  growth  is  admirably  calculated  to 
preserve  these  chisel  teeth  fit  for  use  during  the 
whole  life-time  of  the  animal,  an  object  of  greater 
consequence  in  this  description  of  teeth  than  in 
others,  which  continue  to  grow  only  during  a 
limited  period.  The  same  arrangement,  attended 
with  similar  advantages,  is  adopted  in  the  struc- 
ture of  the  tusks  of  the  Hippopotamus. 

In  te^h  of  a  more  complex  structure,  a  third 
substance  is  found,  uniting  the  vertical  plates  of 
ivory  and  enamel,  and  performing  the  office  of 
an  external  cement.  This  substance  has  re- 
ceived  various  names,  but  it  is  most  commonly 
known  by  that  of  the  Crusta  petrosa :  it  resem- 
bles ivory  both  in  its  composition  and  its  extreme 
hardness;  but  is  generally  more  opaque  and 
yellow  than  that  substance. 

Other  herbivorous  quadrupeds,  as  the  horse, 
and  animals  belonging  to  the  ruminant  tribe, 
have  also  comploi  teeth  composed  of  these  three 
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BiibBtanceg :  and  their  grinding  surfaces  present 
ridges  o€  enamel  intermixed  in  a  more  irregular 
manner  with  the  ivory  and  crusta  petrosa ;  but 
still  giving  the  advantage  of  a  very  rough  nir&ce 
fw  trituration.  Fig.  278  represents  the  grinding 
sar&ice  of  the  tooth  of  a  horee,  worn  down  by 
long  mastication,  e  is  the  enamel,  marked  by 
transverse  lines,  showing  the  direction  of  its 
tibres,  and  enclosing  the  osseous  portion  (o), 
which  is  shaded  by  interrupted  lines.  An  outer 
coating  of  enamel  (e)  is  also  visible,  and  between 
that  and  the  inner  coat,  the  substance  called 
cnata  petrosa  (c),  marked  by  waving  lines,  is 
seen.  On  the  outside  of  all  there  is  a  plate  of 
bone,  which  has  been  left  white.  In  ruminants, 
the  plates  of  enamel  form  crescents,  which  are 
cooveK  outwardly  in  the  lower,  and  inwardly  in 
the  upper  jaw ;  thus  providing  for  the  crossing 
of  the  ridges  of  the  two  surfaces,  an  arrange- 
ment similar  to  that  which  is  practised  in  con- 
structing those  of  mill-stones.  The  teeth  of  the 
lower  jaw  fall  within  those  of  the  upper  jaw,  so 
that  a  lateral  motion  is  required  in  order  to  bring 
their  surfaces  opposite  to  each  other  alternately 
on  both  sides.  Fig.  279  shows  the  grinding  sur- 
&ce  of  the  tooUi  of  a  Sheqs,  where  the  layers  of 
bone  are  nut  apparent,  there  being  only  two  layers 
of  enamel  (e),  and  one  of  crusta  petrosa  (c). 

These  three  component  parts  are  seen  to  most 
advantage  in  a  vertical  and  longitudinal  section 
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of  the  grinding  tooth  of  the  elephant,  in  which 
they  are  more  completely  and  equally  inter- 
mixed than  in  that  of  any  othec  animal.  Fig. 
281  presents  a  vertical  section  of  the  grinding 
tooth  of  the  Asiatic  Elephant,  in  the  early  stage 


of  its  growth,  and  highly  polished,  so  as  to 
exhibit  more  perfectly  its  three  component 
structures.  The  enamel,  marked  e,  is  formed  of 
transverse  fibres;  the  osseous,  or  innermost  struc- 
ture is  composed  of  longitudinal  plates.  The 
general  coveiing  of  crusta  petrosa,  c,  ia  less 
r^ularly  deposited,  p  is  the  cavity  which  had 
been  occupied  by  the  pulp.  In  this  tooth,  which 
is  still  in  a  growing  state,  the  fangs  are  not  yet 
added,  but  they  are,  at  one  part,  banning  to 
be  formed.  The  same  tooth  in  its  usual  state, 
as  worn  by  mastication,  gives  us  a  natural  and 
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hinizontal  section  of  its  interior  strncture,  in 
which  the  plates  of  white  enamel  are  seen 
fonning  waved  ridges.  These  constitute,  in  the 
Asiatic  Elephant,  a  series  of  nanx)w  transverse 
hands  (Fig.  2&?),  and  in  the  African  Elephant; 
a  series  of  lozenge-shaped  lines  (Fig.  282),  hav- 
ing  the  ivory  on  their  interior,  and  the  yellow 
cmsta  petrosa  on  their  outer  sides ;  which  latt^ 
substance  also  coibposes  the  whole  circumftn^xice 
of  the  section. 


^4.  FortiuUwH  and  Devehpement  of  the  Teeth. 

F£w  pi^eseee  in'animal  deTeloperaent  are  xatyte 
remarkable  than  those  which  are  employed  lo 
form  the  teieth ;  for  they  are  by  no  means  the 
same  as  those  by  which  ordinary  bone  is  con- 
structed ;  and  being  commenced  at  a  very  early 
period,  they  afford  a  signal  instance  of  Nature's 
provident  anticipation  of  the  focture  necessities  of 
the,  animal.  The  teeUi,  being  the  hardest  parts 
of  tbe  body,  require  a  peculiar  system  of  opera- 
tions for  giving  them  this  extraordinary  density, 
which  no  gradual  consolidation  could  have  im- 
parted. The  formation  of  the  teeth  is  in  some 
respects  analogous  to  that  of  shell ;  inasmuch  as 
all  their  parts,  when  once  deposited,  remain  as 
permanent  structures,  hardly  ever  admitting  of 
removal  or  of   renewal   by  the  vital    powers. 
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Unlike  the  bones,  which  contain  within  their 
solid  substance  vessels  of  different  kinds,  by 
which  they  are  nourished,  modified,  and  occa- 
sionally removed,  the  closeness  of  the  texture  of 
the  teeth  is  such  as  to  exclude  all  vessels  what- 
soever. This  circumstance  renders  it  Dccessary 
that- they  should  originally  be  formed  of  the 
exact  size  and  shape  which  they  are  ever  after 
to  possess :  accordingly  the  foundation  of  the 
teeth,  in  the  young  animal,  are  laid  at  a  very 
early  period  of  its  evolution,  and  considerable  pro- 
gress has  been  made  in  their  growth  even  prior  to 
birth,  and  long  before  they  can  come  into  use. 

A  tooth  of  the  simplest  construction  is  formed 
from  blood-vessels,  which  ramify  through  small 
masses  of  a  gelatinous  appearance ;  and  each  of 
these  pulpy  masses  is  itself  enclosed  in  a  delicate 
transparent  vesicle,  within  which  it  grows  till  it 
has  acquired  the  exact  size  and  shape  of  the 
future  tooth.  Each  vascular  pulp  is  farther 
protected  by  an  investing  membrane  of  greater 
strength,  termed  its  capsule,  which  is  lodged  iji  a 
small  cavity  between  the  two  bony  plates  of  the 
jaw.  The  vessels  of  the  pulp  begin  at  an  early 
period  to  deposit  the  calcareous  substance,  which 
is  to  compose  the  ivory,  at  the  most  prominent 
points  of  that  part  of  the  vesicle,  which  corres- 
ponds in  situation  to  the  outer  layer  of  the  crown 
of  the  tooth.  The  thin  scales  of  ivory  thus 
formed  increase  by  &rther  depositions  made  on 
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their.surfaces  next  to  the  pulp,  till  the  whole  has 
formed  the  first,  or  outer  layer  of  ivory :  in  the 
mean  time,  the  inner  surface  of  the  capsule, 
which  is  in  immediate  contact  with  this  layer, 
secretes  the  substance  that  is  to  compose  the 
enamel,  and  deposits  it  in  layers  on  the  suriace 
of  the  ivory.  This  double  operation  proceeds 
step  by  step,  fresh  layers  of  ivory  being  depo- 
sited, and  building  up  the  body  of  the  tooth, 
and  in  the  same  proportion  encroaching  upon 
•  the  cavity  occupied  by  the  pulp,  which  retires 
before  it,  until  it  is  shrunk  into  a  small  compass, 
and  fills  only  the  small  cavity  which  remains  in 
the  centre  of  the  tooth.  The  ivory  has  by  this 
time  received  from  the  capsule  a  complete  coat- 
ing of  enamel,  which  constitutes  the  whole  outer 
surface  of  the  crown ;  after  which  no  more  is 
deposited,  and  the  function  of  the  capsule  having 
ceased,  it  shrivels  and  disappears.  But  the 
formation  of  ivory  still  continning  at  the  part 
most  remote  from  the  crown,  the  fangs  are  gra- 
dually formed  by  a  similar  process  from  tbe 
pulp ;  and  a  pressure  being  thereby  directed 
against  the  bone  of  the  socket  at  the  part  where 
it  is  the  thinnest,  that  portion  of  the  jaw  is  ab- 
sorbed, and  the  progress  of  the  tooth  is  only 
resisted  by  the  gum ;  and  the  gum,  in  its  turn, 
soon  yielding  to  the  increasing  pressure,  the 
tooth  cuts  its  way  to  the  surface.  This  process 
of  successive  deposition  is  beautifully  illustrated 
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by  feediDg  a  young  animal  at  different  times 
with  madder;  the  teeth  which  are  formed  at 
that  period  exhibiting,  in  coosequence,  alternate 
layers  of  red  and  of  white  ivory.* 

The  formation  of  the  teeth  of  herbivorous 
quadrupeds,  which  have  three  kinds  of  substance, 
is  conducted  in  a  still  more  artificial  and  com- 
plicated manner.  Thus  in  the  elephant,  the 
pulp  which  deposits  the  ivory  is  extended  in  the 
form  of  a  number  of  .parallel  plates  ;  while  the 
capsule  whioh  invests  it,  accompanies  it  in  all- 
ita  parts,  sending  down  duplicatures  of  mem- 
brane in  the  intervals  between  the  plates.  Hence 
the  ivory  coimtructed  by  the .  pulp,  and  the 
enam^  depouted  over  it,  are  variously  inter- 
mixed ;  but  besides  this,  the  cnista  pelrosa  is 
deposited  on  the  outside  of  the  enamel.  Cuvier 
asserts  that  this  dep<^ition  is  made  by  the  same 
capsule  which  has  formed  the  enamel,  and  which, 
previously  to  this  change  of  function,  has  become 
more  spoqgy  and  vascular  Uian  before.  But 
his  brother,  M.  Frederic  Cuvier  represents  the 
deposit  of  crusta  petrosa,  as  performed  by  a'  third 
membrane,  wholly  distinct  from  the  two  others; 
and  extefior  to  them  all,  although  it  follows  them 
in  all  their  folds. .  In  the  horse  and  the  ox,  the 
projecting  processes  of  the  pulp,  have  more  of  a 
conical  form,  with  undulating  sides ;  and  hence 

'  Cuvier.     Diction  nairedes  Sciences  Hedicales,  t.  viit.  p.  3^0. 
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the  waved  appearance  presented  by  the  enamel 
on  making  sections  of  the  teeth  of  these  animals. 

The  tnsks  of  the  elephant  are  composed  of 
iTory,  and  are  formed  precisely  in  the  same 
manner  as  the  simple  conical  teeth  already  des- 
cribed, excepting  that  there  is  no  outer  capsule, 
and  therefore  no  outer  crust  of  enamel.  The 
whole  of  the  substance  of  the  tusk  is  constructed 
by  succe^Te  deposits  of  layers,  having  a  conical 
shape,  from  the  pulp  which  occupies  the  axis  o( 
the  growing  tusk ;  jnst  as  happens  in  the  forma- 
tion of  a  univalve  shell  which  iis  not  turbinated, 
as,  for  instance,  the  patella.  Hence  any  fore^n 
sqbstance,  a  bullet,  for  example,  which  may 
happen  to  get  within  the  cavity  occupied  by  the 
pulp,  becomes,  in  process  of  tiine,  encrusted 
with  ivory,  and  remains  embedded  in  the  solid 
substance  of  the  tusk.  The  pulp,  as  the  growth 
of  the  tusk  advances,  retires  iii  proportion  as  its 
[dace  is  occupied  by  the  fresh  deposits  of  ivory; 

The  young  animal  requires  teeth  long  before 
it  has  attained  its  foil  stature ;  and  these  teeth 
must  be  formed  of  dimensions  adapted  to  that  of 
the  jaw,  while  it  is  yet  of  small  size.  But  as  the 
jaw  enlat^es,  and  the  teeth  it  contains  admit  not 
of  any  corresp<»iding  increase,  it  becomes  neces- 
sary that  they  should  be  shed  to  make  room  for 
others  of  larger  dimensions,  formed  in  a  more 
capacious  mould.  Provision  is  made  for  this 
necessary  chai^  at  a  very  early  period  of  the 
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growth  of  the  embryo.  The  rudiments  of  the 
human  teeth  begin  to  form  four  or  five  months 
before  birth  :  they  are  contained  in  the  same 
sockets  with  the  temporary  teeth,  the  capsules 
of  both  being  connected  together.  As  the  jaw 
enlarges,  the  second  set  of  teeth  gradually  ac- 
quire their  full  dimensions,  and  then,  by  their 
outward  pressure,,  occasion  the  absorption  of  the 
fangs  of  the  temporary  teeth,  and,  pushing  them 
out,  occupy  their  places.* 

As  the  jaw  bone,  during  its  growth,  extends 
principally  backwards,  the  posterior  portion, 
being  later  in  forming,  is  comparatively  of  a 
la^r  size  than  either  the  fore  or  the  late^l 
parts ;  and  it  admits,  therefore,  of  teeth  of  the 
full  size,  which  consequently  are  permanent. 
The  molar  teeth,  which  are  last  formed,  are,  for 
want  of  space,  rather  smaller  than  the  others, 
and  are  called  the  wisdom-teeth,  because  they 
do  not  usually  make  their  appearance  above 
the  gum  till  the  person  has  attained  the  age  of 
twenty.  In  the  negro,  however,  where  the  jaw 
is  of  greater  length,  these  teeth  have  sufficient 
room  to  come  into  their  places,  and  are,  in  gene- 
ral, fiilly  as  large  as  the  other  molares. 

The  teeth  of  carnivorous  animals  are,  from 

*  It  is  stated  by  Rousseau  that  the  ihedding  of  the  first  molar 
tooth  both  of  the  Ouinea-pig,  and  the  Capibara,  and  its  re- 
placement by  the  permanent  tooth,  take  place  a  few  days  befora 
birth.    Anatomie  Comparfe  du  sy&t6me  dentatre,  p.  164. 
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the  nature  of  their  food,  less  liable  to  be  xrorn, 
than  those  of  animals  living  on  grain,  or  on  the 
harder  kinds  of  vegetable  substances  ;  so  that 
the  simple  plating  of  enamel  is  sufficient  to  pre- 
serve them,  even  during  a  long  life.  But  in 
many  herbiTCHOus  quadrupeds  we  find  that  in 
proportion  as  the  ihmt  teeth  are  worn  away  in 
mastication,  other  teeth  are  formed,  and  advance 
from  the  back  of  the  jaw  to  replace  them.  This 
happens  in  a  most  remarkable  manner  in  the 
elephant,  and  is  the  cause  of  the  curved  form 
which  the  roots  assume ;  for  in  proportion  as  the 
front  teeth  are  worn  away,  those  immediately 
behind  them  are  pushed  forwards  by  the  growth 
of  a  new  tooth  at  the  back  of  the  jaw ;  and  this 
process  goes  on  continually,  giving  rise  to  a  suc- 
cession of  teeth,  each  of  which  is  larger  than 
that  which  has  preceded  it,  during  the  whole 
period  that  the  animal  lives.  A  similar  suc- 
cession of  teeth  takes  place  iq  the  wild  boar,  and 
also,  though  to  a  less  extent,  in  the  Sus  (Ethio- 
pieus.*  This  mode  of  dentition  appears  to  be 
peculiar  to  animflla  of  great  longevity,  and 
which  subsist  on  v^etable  substances  con- 
taining a  large  proportion  of  tough  fibres,  or 
other  materials  of  great  hardness ;  and  requiring 
for  their  masticaticm  teeth  so  large  as  not  to 
admit  of  both  the  old  ajgid  new  tooth  being 

•  Home,  Phfl.  Traas.  for  1799,  p.  237 ;  and  1 801,  p.  319. 
VOL.  II.  M 
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contained  at  the  game  time  in  the  alveolar  por- 
tion of  the  jaw. 

An  expedient  of  a  different  kind  has  been 
resorted  to  in  the  Rodeniia,  for  the  purpose  of 
preserving  the  long  chisel-Bhaped  incisors  in  a 
state  fit  for  use.  By  the  constant  and  severe 
attrition  to  which  they  are  exposed,  they  wear 
away  very  rapidly,  and  would  soon  be  entirely 
lost,  and  the  animal  would  perish  in  conse- 
quence, were  it  not  that  nature  has  provided  for 
their  continued  growth,  by  elongation  from  their 
roots,  during  the  whqje  of  life.  This  growth 
proceeds  in  the  same  manner,  aud  is  conducted 
on  the  same  principles,  as  the  original  formation 
of  the  simple  teeth  already  described  :  but,  in 
order  to  effect  this  object,  the  roots  of  these 
teeth  are  of  great  size  and  length,  and  are 
deeply  imbedded  in  the  jaw,  in  a  large  bony 
canal  provided  for  that  purpose;  .and  their  cavity 
is  always  filled  with  the  vascular  pulp,  from  which 
the  continued  secretion  and  deposition  of  fresh 
layers,  both  of  ivory  and  enamel',  take  place. 
The  tusks  of  the  Elephant  and  of  the  Hippo' 
potamus  exhibit  the  same  phenomenon  of  con- 
stant and  uninterrupted  growth. 

In  the  Shark,  and  some  other  fishes,  the  same 
object  is  attained  in  a  different  manner.  Several 
rows  of  teeth  are  lodged  in  each  jaw,  but  one 
only  of  these  rows  projects  and  is  in  use  at  the 
same  tiine ;  the  teet  lying  flat,  but  ready  to  rise 
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ID  order  to  re{^ce  those  that  have  been  broken 
or  worn  down.  Id  some  fishes  the  .teeth  ad- 
vance io  proportion  as  the  jaw  lengthens,  and 
as  the  fore  teeth  are  worn  away :  in  other  CEisea 
they  rise  from  the  substance  of  the  jaw,  which 
presents  on  its  surface  an  assemblage  of  teeth  in 
different  stages  of  growth:  so  that  in  this. class 
of  animals  the  greatest  variety  occurs  in  the 
mode  of  the  succession  of  the  teeth. 

The  teeth  of  the  Crocodile,  which  are  sharp- 
pcunted  hollow  cones,  composed  of  ivory. and 
enamel,  are  renewed  by  the  new  tooth  (as  is 
shown  at  a,  in  Fig.  284),  being  formed  in, the 
cavity  of  the  one  (b)  which.it 
284  is  to  replace,  and  not  being 

■^T~:-Zrj^=''==  inclosed  in  any  separate  cavity 
I  ^ni^  Im  °^  ^^  J^^  \ioxiG  (c).  As  this 
I  I  iHW  to  °^^  tooth  increases  in  size,  it 
I  ^\  MUH  I  Ti  presses  E^inst  the  base  of 
IHWIV  Klla      ^jjg  (jjjj  (jjjg^  ^jjj  entering  its 

cavity,  acquires  the  same  co- 
nical form;  so  that  when  the 
latter  is  shed,  it  is  already  in 
its  place,  and  fit  for  immediate  use.  This  suc- 
cession of  teeth  takes  place  several  times  during 
the  life  of  the  animal,  so  that  they  are  sharp  and 
perfect  at  all  ages. 

The  fangs  of  serpents  are  furnished,  like  the 
stings  of  nettles,  with  a  receptacle  at  their  base 
for  a  poisonous  liquor,  which  is  squeezed  out  by 
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the  pressure  of  the  tooth,  at  tiie  moment  it 
inflicts  the  wound^  and  conducted  along  a  canal, 
opening  near  the  extremity  of  the  tooth.  Each 
&ng  is  lodged  in  a  strong  bony  socket,  and  is,  , 
by  the  intervention  of  a  connecting  btme,  pressed 
forwards  whenerer  the  jaw  is  opened  sufficiently 
vide ;  and  the  fang  is  thus  made  to  assume  an 
erect  position.  As  these  sharp  teeth  are  very 
liable  to  accidents,  others  are  ready  to  supply 
their  places  when'  wanted :  for  which  purpose 
there  are  commonly  provided  two  or  three  half- 
grown  fangs,  which  we  connected  only  by  soft 
parts  with  the  jaw,  and  are  successively  moved 
fcH-wards  into  the  socket  to  replace  those  that 
were  lost.* 

The  tube  through  which  the  poison  flows  is, 
formed  by  the  folding  in  of  the  edges  of  a  deep 
longitudinal  groove,  ^ctending  along  the  greater 
part  of  the  tooth ;  an  interval  being  left  between 
these  edges,  both  at  the  base  and  extremity  of 
the  fang,  by  which  means  there  remain  apertures 
at  both  ends  for  the  passage  of  the  fluid  poison. 
Tliis  structure  was  discovered  by  Mr.  T.  Smith 
in  the  Coluber  naia,  or  Cobra  de  Capello;-f  and 
is  shown  in  Fig.  28S,  which  represents  the  full 
grown  tooth,  where  the  slight  furrow,  indicating 
the  junction  of  the  two  sides  of  the  original 
groove,  may  be  plainly  seen;  as  also  the  two 

■  Home,  Lectures,  &c.  I.  333. 

t  Philosophical  TnuisactionB,  1818,  p.  471. 
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apertures  (a  and  b)  abore  mentioqed.  This 
mode  <tf  formatioD  of  the  tube  is  farther  illus- 
trated by  Fig.  286,  which  shows  a  transrerse 


section  of  the  same  tooth,  exhibiting  the  cavity 
(p)  which  coQtaiDB  the  pulp  of  the  tooth,  aad 
which  surrounds  that  of  tl^e  central  tube  in  the 
form  of  a  crescent.  Figures  287  and  288  ar^ 
delineations  of  the  same  tooth  in  different  stages 
of  growth,  the  bases  of  which,  respectively,  ar^ 
shown  in  Figures  289  and  290.  Figures  291 
and  292  are  magnified  representations  of  sections 
of  the  fangs  of  another  species  of  serpent,  resem- 
bling the  rattie-snake.  Fig.  291  is  a  section  of 
the  young  fang  taken  about  the  middle :  in  this 
stage  of  growth,  the  cavity  which  contains  the 
pulp,  almost  entirely  surrounds  the  poison  tube, 
and  the  edges  of  the  d^ression,  which  form  the 
suture,  are  seen  to  be  angular,  and  present  so 
large  a  surface  to  each  other,  that  the  suture  is 
completely  filled  up,  eveu  in  this  early  stage  of 
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growth.  Fig.  292  is  a  section  of  a  full-grown 
fang  of  the  same  species  of  serpent,  at  the  same 
part  as  the  preceding ;  and  here  the  cavity  of 
the  pulp  is  seen  much  contracted  from  the  more 
advanced  stage  of  growth. 

It  is  a  remarkable  circumstance,  noticed  by 
Mr.  Smith,  that  a  similar  longitudinal  furrow 
is  perceptible  on  every  one  of  the  teeth  of  the 
same  serpent ;  and  that  this  appearance  is  most 
marked  on  those  which  are  nearest  to  the 
poisonous  fangs :  these  furrows,  however,  in  the 
teeth  that  are  not  venomous,  are  confined  en- 
tirely to  the  surface,  and  do  not  influence  the 
form  of  the  internal  cavity.  No  trace  of  these 
furrows  is  discernible  in  the  teeth  of  those 
serpents  which  are  not  armed  with  venomous 
fangs. 

Among  the  many  instances  in  which  teeth  are 
converted  to  uses  widely  different  from  masti-' 
cation,  may  be  noticed  that  of  the  Squalus  p/islts. 


or  Saw-fish,  where  the  teeth  are  set  horizontally 
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on  the  two  lateral  edges  of  the  upper  jaw,  which 
is  prolonged  in  the  form  of  a  snout  (seen  in  a. 
Fig.  293),  coostituting  a  most  formidable  weapon 
of  offence,  b  is  a  more  enlarged  view  of  a 
portion  of  this  instrument,  seen  from  the  under 
side. 


^  5.   Trituration  of  Food  ia  Internal  Cavities. 

The  mechanical  apparatus,  provided  for  tritu- 
rating the  harder  kinds  of  food,  does  not  belong 
exclusively  to  the  mouth,  or  entrance  into  the 
alimentary  canal,  for  in  many  animals  we  find 
this  ofEce  performed  by  interior  oi^ns.    Among 
the  inferior  classes,  we  find  examples  of  this 
conformation   in   the   Crustacea,  the   Mollusca, 
and  above  all  in  Insects.    Thus  there  is  found 
in  the  stomach  of  the  Lobster,  a  cartilaginous 
frame-work,  in  which  are  implanted  hard  cal- 
careous bodies,  having  the 
form,  and  performing  the 
functions  of  teeth.    They 
are  delineated  in  Fig.  204, 
which  presents  a  view  of 
the   interior   of  the   sto- 
mach of  that  animal.  The 
tooth  A  is  situated  in  the 
middle  of  this  frame,,  has  a  rounded   conical 
shape,  and  is  smaller  than  the  others  (b,  c), 
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which  are  placed  one  on  each  side,  and  which 
resemble  in  their  form  broad  molar  teeth.  When 
these  three  teeth  are  broi^ht  together  by  the 
action  of  the  surrounding  muscles,  they  fit 
exactly  into  each  other,  and  are  capable  of 
grinding  and  completely  pulTerising  the  shells 
of  the  mollusca  introduced  into  the  stomach. 
These  teeth  are  the  result  of  a  secretion  of  cal- 
careous matter  from  the  inner  coat  of  that  organ, 
just  as  the  outer  shell  of  the  animal  is  a  pro- 
duction of  the  Integument :  and  at  each  casting 
of  the  shell,  these  teeth,  together  with  the  whole 
cuticular  lining  of  the  stomach  to  which  they 
adhere,  are  thrown  ofif,  and  afterwards  renewed 
by  a  treah  growth  of  the  same  material.  In  the 
Craw-fish,  the  gastric  teeth  are  of  a  difi'erent 
shape,  and  are  more  adapted  to  divide  than  to 
grind  the  food. 

Among  the  gastoropodous  Mollusca,  several 
species  of  BuUce  have  stomachs  armed  with 
calcareous  plates,  which  act  as  cutting  or  grind- 
22^  ing  teeth.     The  Bulla  aperta  has 

three  instruments  of  this  descrip- 
tion, as  may  be  seen  in  Fig.  295, 
which  shows  the  interior  of  the 
stomach  of  that  species.  Similar 
organs  are  found  in  the  Sulla 
lignaria.  The  Aplasia  has  a  con- 
siderable number  of  thase  gastric  teeth.  An 
E^paratus  of  a  still  more  complicated  kind  is 
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provided  in  most  of  the  insects  belonging  to  the 
order  of  Orthoptera;  bnt  I  shall  not  enter  at 
present  in  their  description,  as  it  will  be  more 
convenient  to  include  them  in  the  general  ac- 
count of  the  alimentary  canal  of  insects,  which 
will  be  the  subject  of  iiitare  consideration. 

The  internal  machinery  for  grinding  is  exem- 
plified on  the  largest  scale  in  granivorous  birds  ; 
where  it  fcmns  part  of  the  stomach  itself,  and  is 
termed   a   Gizzard.    It  Is 
shown  in  Fig.  298,  repre- 
senting the  interior  of  the 
stomach  of  a  Swan.     Both 
the  structure  and  the  mode 
o£  operation  of  this  organ 
bear    a    striking    analogy 
to    a    mill    for    grinding 
com,  for  it  omsists  of  two 
powerful  muscles  (o),  of  a 
hemispherical  shape,  with 
their  flat  sides  applied  to  each  other,  and  their 
edges  united  by  a  strong  tendon,  which  leaves  a 
vacant  space  of  an  oval  or  quadrangular  form 
between  their  two  surfaces.    These  surfaces  are 
covered  by  a  thick  and  dense  homy  substance, 
which,  whai  the  gizzard  is  in  action,  performs 
an  office  simUar  to  that  of  mill-stones.    In  most 
birds,   there   is  likewise  a  sac,   or  receptacle, 
termed  the  Craw,  (represented  laid  open  at  c)  in 
which  the  food  is  collected  for  the  purpose  of  its 
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being  dropped,  in  small  quantities  at  a  time, 
into  the  gizzard,  in  proportion  as  the  latter  gra- 
dually becomes  emptied.*  Thus  the  analogy 
between  this  natural  process  and  the  artificial 
operation  of  a  corn-mill  is  preserved  even  in  the 
minuter  details ;  for  while  the  two  flat  surfaces 
of  the  gizzard  act  as  mill-stones,  the  craw  sup* 
plies  the  place  of  the  hopper,  the  office  of  which 
is  to  allow  the  grain  to  pass  out  in  small  quan- 
tities into  the  aperture  of  the  upper  mill-stone, 
which  brings  it  within  the  sphere  of  their  action. 
Innumerable  are  the  experiments  which  have 
been  made,  particularly  by  Reaumur  and  Spol- 
lanzani,  with  a  view  to  ascertain  the  force  of 
compression  exerted  by  the  gizzard  on  its  con- 
tents. Balls  of  glass,  which  the  bird  was  made 
to  swallow  with  its  food,  were  soon  ground  to 
powder :  tin  tubes,  introduced  into  the  stomach, 
were  flattened,  and  then  bent  into  a  variety  of 
shapes ;  and  it  was  even  found  that  the  points  of 
needles  and  of  lancets  fixed  in  a  ball  of  lead, 
were  blunted  and  broken  off  by  the  power  of  the 
gizzard,  while  its  internal  coat  did  not  appear  to 
be  in  the  slightest  degree  injured.  These  Ksults 
were  long  the  subject  of  admiration  to  physio- 
logists ;  and  being  echoed  irom  mouth  to  mouth, 
were  received  with  a  sort  of  passive  astonishment, 

*  The  gastric  glands,  which  are  spread  over  the  greater  part 
of  the  iaternal  surface  of  the  craw,  and  which  prepare  a  secretion 
for  macerating  the  grain,  are  also  seen  in  this  part  of  the  fignie. 
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till  HuDter  directed  the  powers  of  his  mind  to  the 
inquiry,  and  gave  the  first  rational  explanation 
of  the  mechaniBm  by  which  they  are  produced: 
He  found  that  the  motion  of  tiie  sides  of  the 
gizzard,  when  actuated  by  its  muscles,  is  lateral, 
and  at  the  same  time  circular ;  so  tlmt  the  pres^ 
sore  it  exerts,  though  extremely  great,  is  directed 
nearly  in  the  plane  of  the  grinding  surfaces,  and 
never  perpendicularly  to  them;  and  thus  the 
edges  and  points  of  sharp  instruments  are  either 
bent  or  broken  off  by  the  lateral  pressure,  without 
their  having  an  (^portunity  of  acting  directly 
upon  those  surfaces.  StUl,  however,  it  is  erideid 
that  the  effects  we  observe  produced  upon  sharp 
metallic  points  and  edges,  could  not  be  accomT^ 
plidied  by  the  gizzard  without  some  assistance 
from  other  sources ;  and  this  assistance  is  pro* 
cured  in  a  very  singular,  and,  at  the  same  time, 
very  effectual  manner. 

On  opening  the  gizzard  of  a  bird,  it  is  con- 
stantly found  to  contain  a  certain  quantity  of 
small  pebbles,  which  must  have  been  swallowed 
by  the  animal.  The  most  natural  reason  that 
can  be  assigned  for  the  presence  of  these  stones, 
is,  that  they  aid  the  gizzard  in  triturating  the 
contained  food,  and  that  they,  in  fact,  supply 
.Ae  <^ce  of  teeth  in  that  operation.  Spallanzani, 
however,  has  called  in  question  the  soundnera  oi 
-this  explanation,  and  has  contended  that  the 
pebbles  found  in   the    gizzard    are    swallowed 
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merely  by  accident,  or  in  consequence  of  the 
stupidi^  of  the  bird,  which  miatakes  them  for 
grain.  But  this  opinion  has  been  iiilly  and 
satisfactorily  refuted  both  by  Fordyce  and  by 
Hunter,  whose  obs^rations  cimcui*  in  establishing 
the  truth  of  the  comnum  opinion,  that  in  all 
birds  possesHng  gizzards,  the  presence  of  these 
stones  is  essential  to  perfect  digestion.  A  greater 
or  leas  number  of  them  is  contained  in  every 
gizzard,  when  the  bird  has  been  able  to  meet 
with  the  requisite  supply,  and  they  are  never 
swallowed  but  along  with  the  food.  Several 
hundred  were  found  in  the  gizzard  of  a  turkey ; 
and  two  thousand  in  that  of  a  goose :  so  great 
an  accumulation  could  never  have  been  the 
result  of  mere  accident.  If  the  alleged  mistake 
could  ever  occur,  we  should  expect  it  to  take 
place  to  the  greatest  extent  in  those  birds  which 
are  starving  for  want  of  food;  but  this  is  far 
from  being  the  case.  It  is  found  that  even 
chickens,  which  have  been  hatched  by  artificial 
heat,  and  which  could  never  have  been  instructed 
by  the  parent,  are  yet  guided  by  a  natural  in- 
stinct in  the  choice  of  the  proper  materials  for 
food,  and  for  assisting  its  digestion :  and  if  a 
mixture  of  a  large  quantity  of  stones  with  a 
small  proportion  of  grain  be  set  before  them, 
they  will  at  once  pick  out  the  grain,  and  swallow 
along  with  it  only  the  proper  proportion  of  stones. 
The  best  proof  of  the  utility  of  these  substances 
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may  be  derired  from  the  ezperiments  of  Spal- 
lanzani  himself,  who  ascertained  that  grain  is 
not  digested  in  the  stomachs  of  birds,  when  it  is 
protected  from  the  effects  of  trituration. 

Thus  the  gizzard  may,  as  Hunter  remarks,  be 
regarded  as  a  pair  of  javs,  whose  teeth  are  taken 
in  occasionally  to  assist  in  this  internal  mastica- 
tion. The  lower  part  of  the  gizzard  consists  of 
a  Hkin  muscular  bag,  of  which  the  office  is  to 
digest  the  food  which  has  been  thus  triturated. 

CoDsido^ble  differences  are  met  with  in  the 
structure  of  the  gizzards  of  various  kinds  of 
birds,  corresponding  to  differences  in  the  texture 
of  their  natural  food.  In  the  Turkof,  the  two 
muscles  which  compose  the  gizzard  are  of  un- 
equal strength,  that  on  the  left  side  bdng  consi- 
derably larger  than  that  on  the  right ;  so  that 
while  the  principal  effort  is  made  by  the  former, 
a  smaller  force  is  used  by  the  latter  to  restore 
the  parts  to  their  situation.  These  muscles  pro- 
duce, by  their  alternate  action,' two  effects;  the 
one  a  constant  trituration,  by  a  rotatory  motion  ; 
the  other  a  continued,  but  oblique,  pressure  of 
the  contents  of  the  cavity.  As  this  cavity  is  of 
an  oral  form,  and  the  muscle  swells  inwards,  the 
opposite  sides  never  come  into  contact,  and  the 
interposed  materials  are  triturated  by  their  being 
intermixed  with  hard  bodies.  In  the  Goose  and 
Swan,  on  the  contrary,  the  cavity  is  flattened, 
and  its  lateral  edges  are  very  thin.  The  surfaces 
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applied  to  each  other  are  mutually  adapted  id 
their  curvatures,  a  concave  surface  being  every 
where  applied  to  one  which  is  convex :  on  the 
left  side^  .the  concavity  is  above;  but  on  the, 
right  side,  it  is  below.  The  horny  covering  is 
much  stronger,  and  more  rough  than  in  the 
turkey,  so  that  the  food  is  ground  by  a  sliding, 
instead  of  a  rotatory  motion  of  the  parts  opposed, 
and  they  do  not  require  the  aid  of  any  inter- 
vening hard  substances  of  a  large  size.  This 
motion  bears  a  great  resemblance  to  that  of 
the  grinding  teeth  of  ruminating  animals,  in 
which  the  teeth  of  the  under  jaw  slide  upwards, 
within  those  of  the  upper,  pressing  the  food  be- 
tween them,  and  fitting  it,  by  this  peculiar  kind 
of  trituration,  for  being  digested.* 


^  6.  Deglutition. 

The  great  object  of  the  apparatus  which  is  to 
prepare  the  food  for  digestion,  is  to  reduce  it 
into  a  soft  pulpy  state,  so  as  to  facilitate  the 
chemical  action  of  the  stomach  upon  it :  ivx 
this  purpose,  solid  food  must  not  only  be  sub- 
jected to  mechanical  trituration,  but  it  must 
also  be  mixed  with  a  certain  proportion  of  fluid. 
Hence  all  animals  that  masticate  their  food  are 

•  Home,  Phil.  Trans,  tor  1810,  p.  188. 
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pntridedwith  organs  which  secrete  a  fluid,  called 
the  Saiit?a,  and  which  pour  this  fluid  into  the 
mouth  as  near  as  poraible  to  the  grinding  sur- 
faces of  the  teeth.  These  oi^ns  are  glands, 
placed  in  such  a  situation  as  to' be  compressed 
by  the  action  of  the  muscles  which  move  the 
jaw,  and  to  pour  out  the  fluid  they  secrete  in 
greatest  quantity,  just  at  the  time  when  the  food 
is  undei^oing  mastication.  Saliva  contains  a 
laige  quantity  of  water,  together  with  some  salts 
and  a  little  animal  matter.  Its  use  is  not  only 
to  sofl^n  the  food,  but  also  to  lubricate  the  pas- 
sage through  which  it  is  to  be  conveyed  into  the 
stomach  ;  and  the  quantity  secreted  has  always 
a  relation  to  the  nature  of  the  food,  the  degree 
of  mastication  it  requires,  and  the  mode  in  which 
it  is  swallowed.  In  animals  which  subsist  on 
vegetable  materials,  requiring  more  complete 
maceration  than  those  which  feed  on  flesh,  the 
salivary  glands  are  of  lai^  size :  they  are  parti- 
cularly large  in  the  Rodentia,  which  feed  on  the 
hardest  materials,  requiring  the  most  complete 
trituration ;  and  in  these  animals  we  find  that  the 
largest  quantity  of  saliva  is  poured  out  opposite 
to  the  incisor  teeth,  which  are  those  principally 
Nnployed  in  this  kind  of  mastication.  In  Birds 
and  Reptiles,  which  can  hardly  be  said  to  mas- 
ticate their  food,  tlie  salivary  glands  are  compa- 
ratively of  small  size ;  the  exceptions  to  this  rule 
occurring  chiefly  in  those  tribes  which  feed  on 
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T^etables,  for  in  these  the  glands  are  more  consi- 
derable.* In  Fithes  there  ia  no  structure  of  this 
kind  provided,  there  being  no  mastication  per- 
formed :  and  the  same  observation  apphes  to  the 
Cetacea.  In  the  cephalopodoos  and  gastero- 
podous  Molhisca,  we  find  a  salivary  apparatus 
of  considerable  size :  IntecU,  and  the  Annelida,-^ 
also,  generally  present  us  with  orgazu  which 
appear  to  perform  a  similar  office. 

The  passage  of  the  food  along  the  throat  is 
iaciUtated  by  the  mucous  secretions,  which  are 
poured  out  fnHu  a  multitude  of  ^ands  inter- 
spersed over  the  whole  surface  of  the  membrane 
lining  that  passage.  The  CoMel,  which  is  formed 
tar  traveTsing  dry  and  sandy  deserts,  where  the 
atmosphere  as  well  as  the  soil  is  parched,  is  spe- 
cially puvided  with  a  glandular  cavity  placed 
behind  the  palate,  and  which  furnishes  a  fluid 
for  the  express  purpose  of  moistenii^  and  lubri- 
cating the  throat. 

In  the  structure  of  the  {Esophagus,  which  is 
the  name  of  the  tube  altng  which  the  food 
passes  from  tiie  mouth  to  the  stomach,  we  may 
trace  a  similar  adi^itaticm  to  the  particular  kind 
of  food  taken  in  by  the  animal.  When  it  is 
•wallowed  entire,   or   but   little   changed,   the 

'  The  large  salivarj  gland  m  the  lAtodpecker,  ii  kcd  at  s, 
Fg.  271,p^e  132. 

t  The  bunch  of  filunents,  seen  at  b.  Fig.  260  (p.  103)  are  the 
ulirary  oi^ani  of  the  leech. 
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cesophagas  is  a  very  wide  canal,  admitting  of 
great  dilatation:  This  is  the  case  with  many 
carnivorous  birds,  especially  those  that  feed  on 
fishes,  where  its  great  capacity  enables  it  to 
hold,.for  a  considerable  time,  the  large  fish  which 
are  swallowed  entire,  and  which  could  not  con- 
Teaiendy  be  admitted  into  the  stomach.  BIu- 
menbach  relates  that  a  sea-gull,  which  he  k^t 
alive  for  many  years,  could  swallow  bones  of 
three  or  four  inches  in  length,  so  that  only 
their  lower  ends  reached  the  stomach,  and  were 
digested,  while  their  upper  ends  projected  into 
the  (escqihagus,  and  descended  gradually  in 
proporti<Mi  as  the  former  were  dissolved.  Ser- 
pents, which  swfdlow  animals  larger  than  them- 
selves, have,  of  course,  the  <e3ophagus,  as  wdl 
as  the  throat,  capable  of  great  dilatation;  and 
the  food  occupies  a  long  time  in  pasang  throi^ 
it,  befcM-e  it  reaches  the  digesting  cavity.  The 
turtle  has  also  a  capacious  oesophagus,  the  inner 
coat  of  which  is  beset  with  numerous  firm  and 
sharp  processes,  having  their  points  directed 
towards  the  stomach ;  these  are  evidently  in- 
tended to  prevent  the  return  of  the  food  into  the 
mouth.  Grazipg  quadrupeds,  who,  while  they 
eat,  carry  their  heads  close  to  the  ground,  have 
a  long  oesophagus,  with  thick  muscular  coats, 
capable  .of  exerting  considerable  power  in  pro- 
pelling the  food  in  the  direction  of  the  stomach, 
which  is  contrary  to  Uiat  of  gravity. 

VOL.  II.  N 
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^  7.  Receptacles  for  retaimng  Food. 

Provision  is  often  made  for  the  retention  of  the 
undigested  food  in  reservoirs,  situated  in  different 
parts  of  the  mouth,  or  the  oesophagus,  instead  of 
its  being  immediately  introduced  into  the  sto- 
mach. These  reservoirs  are  generally  employed 
for  laying  in  stores  of  provisions  for  future 
coDsampti(m.  Many  quadrupeds  have  cheek 
pcmches  for  this  purpose :  this  is  the  case  with 
several  species  of  Monkeys  and  Baboons;  and 
also  with  the  Mus  cricetus,  or  Hamster.  The 
Mus  bursarius,  or  Canada  rat,  has  enormous 
cheek  pouches,  which,  when  distended  with  food, . 
even  exceed  the  bulk  of  the  head.  Small  cheek 
pouches  exist  in  that  singular  animal,  the  Omi- 
thorhyncus.  The  Sciurus  palmarum,  or  palm' 
squirrel,  is  also  provided  with  a  pouch  for  laying 
in  a  store  of  provisions.  A  remarkable  dilatatiim 
in  the  lower  part  of  the  mouth  and  throat, 
Emswering  a  similar  purpose,  takes  place  in  the 
Pelican;  a  bird  which  displays  great  dexterity 
in  tossing  about  the  fish  with,  which  it  has 
loaded  this  bag,  till  it  is  brought  into  the  proper 
position  for  being  swallowed.  The  Whale  has 
also  a  receptacle  of  enormous  size,  extending 
from  the  mouth  to  a  considerable  distance  under 
the  trunk  of  the  body. 
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Analogous  in  design  to  these  pouches  are 
the  dilatations  of  the  oesophagus  of  birds,  deno- 
minated crops.  In  most  birds  which  feed  on 
grain,  the  crop  is  a  capacious  globular  sac, 
[rfaced  in  front  of  the  throat  and  rating  on  the 
fnrcular  bone.  The  crop  of  the  Parrot  is  repre- 
at  c.  Fig.  299;  wherci,  also,  s  indicates 
the  cardiac  portion  of  the 
stomach,  and  o  the  giz- 
zard, of  that  bird.  The 
inner  coat  of  the  crop  is 
furnished  with  numerous 
glands,  which  pour  out 
considerable  quantities  of 
fluid  for  macerating  and 
softening  the  dry  and 
hard  texture  of  the  grain, 
which,  for  that  purpose, 
remains  there  for  a  considerable  time.  Many 
birds  feed  their  young  from  the  contents  of  the 
crop ;  and,  at  those  seasons,  its  glands  are  much 
enlarged,  and  very  active  in  preparing  their 
peculiar  secretions :  this  is  remarkably  the  case 
in  the  Pigeon  (Fig.  300),  which,  instead  of  a 
single  sac,  is  provided  with  two  (seen  at  c,  c. 
Fig.  300),  one  on  each  side  of  the  oesophagus  (o). 
The  pouting  pigeon  has  the  faculty  of  filling 
these  cavities  with  air,  which  produces  that  dis- 
tended appearance  of  the  throat  from  which  it 
derives  its  name.  Birds  of  prey  have,  iq  gaieral. 
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very  small  crops,  their  food  not  requiring  any 
previous  softening  ;  but  the  Vulture,  which 
goi^es  large  quantities  of  flesh  at  a  single  meal, 
has  a  crop  of  considerable  size,  forming,  when 
filled,  a  visible  projection  in  front  of  the  chest. 
Birds  which  feed  on  fish  have  no  separate  dila- 
tation for  this  purpose,  probably  because  the 
great  width  of  the  cBSophagus,  and  its  having  the 
power  of  retaining  a  large  mass  of  food,  render 
the  further  dilatation  of  any  particular  part  of 
the  tube  unnecessary.  The  lower  portion  of  the 
cesophagus  appears  often,  indeed,  in  this  class  of 
animals,  to  answer  the  purpose  of  a  crop,  and  to 
effect  changes  in  the  food  which  may  properly 
be  considered  as  a  preliminary  stage  of  the 
digestive  process. 


Chapter  VII. 

Digestion. 

All  the  substances  received  as  food  into  the 
stomach,  whatever  be  their  nature,  must  neces- 
sarily undergo  many  changes  of  chemical  com- 
position before  th^  can  gain  admission  into  the 
general  mass  of  circulating  fluids;  but  the  extent 
of  the  change  required  for  that  purpose  will,  of 
course,  he  in  proportion' to  the  difference  be- 
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tween  the  qualities  of  the  nutritive  materials  in 
their  original,  and  in  their  assimilated  state. 
The  coaversion  of  vegetable  into  animal  matter 
necessarily  implies  a  considerable  modification 
of  properties ;  but  even  animal  substances,  how- 
ever similar  may  be  their  composition  to  the 
body  which  they  are  to  nourish,  must  still  pass 
through  certain  processes  of  decomposition,  and 
subsequent  recombination,  before  they  can  be 
brought  into  the  exact  chemical  state  in  which 
they  are  adapted  to  the  purposes  of  the  living 
system. 

The  preparatory  changes  we  have  lately  been 
occupied  in  considering,  consist  chiefly  in  the 
reduction  of  the  food  to  a  soft  consistence,  which 
is  accomplished  by  destroying  the  cohesion  of 
its  parts,  and  mixii^  them  unifonnly  with  the 
fluid  secretions  of  the  mouth ;  effiects  which  may 
be  considered  as  wholly  of  a  mechanical  nature. 
The  first  real  changes  in  its  chemical  state  are 
produce4  in  the  stomach,  where  it  is  converted 
into  a  substance  termed  Chyme;  and  the  process 
by  which  this  Qrst  step  in  the  assimilation  of  the 
food  is  produced,  constitutes  what  is  properly 
termed  Digestion, 

Nothing  has  been  discovered  in  the  anato- 
mical structure  of  the  stomach  tending  to  thro^ 
any  light  on  the  means  by  which  this  remark- 
able chemical  change  is  induced  on  the  materials 
it  contains.     The  stomach  is  in  most  animals 
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a  simple  sac,  composed  of  several  membranes^ 
enclosiog  thin  layers  of  muscular  fibres,  abun- 
dantly supplied  with  blood-vessels  and  vrith 
nerves,  and  occasionally  containing  structures 
which  appear  to  be  glandular.  The  human  sto- 
mach, which  is  delineated  in  Fig.  301,  exhibits 


one  of  the  simplest  forms  of  this  organ ;  c  being 
the  cardiac  porti<m,  or  part  where  the  oesophagus 
opens  into  it ;  and  p  the  pyloric  portion,  or  that 
which  is  near  its  terminatioa  in  the  intestine. 
At  the  pylorus  itself,  the  diameter  of  the  pas- 
sage is  much  constricted,  by  a  fold  of  the  inner 
membrane,  which  is  surrounded  by  a  circular 
band  of  muscular  fibres,  performing  the  office  of 
a  sphincter,  and  completely  closing  the  lower 
orifice  of  the  stomach,  during  the  digestion  of 
its  contents. 

The  principal  agent  in  digestion,  as  far  as  the 
ordinary  chemical  means  are  concerned  in  that 
operation,  is  a  fluid  secreted  by  the  coats  of  the 
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Btotnach,  and  termed  the  Gastric  Juice.  Thia 
fluid  has,  in  each  anima],  the  remarkable  pro- 
perty of  dissolving,  or  at  least  reducing  to  a 
pulp,  all  the  substances  which  constitute  the  na- 
tural food  of  that  particular  species  of  animal; 
while  it  has  comparatiTely  but  little  solvent 
power  over  other  kinds  of  food.  Such  is  the 
conclusion  which  has  been  deduced  from  the 
extensive  researches  on  this  subject  made  by 
that  indefatigable  experimentalist,  Spallanzani, 
who  found  in  numberless  trials  that  the  gastric 
juice  taken  from  the  stomach,  and  put  into  glass 
vessels,  produced,  if  kept  at  the  usual  tempera- 
ture of  the  animal,  changes  to  all  appearance 
exactly  similar  to  those  which  take  place  in 
natural  digestion.*  In  animals  which  feed  on 
flesh,  the  gastric  juice  was  found  to  dissolve  only 
animal  substances,  and  to  exert  no  action  on 
vegetable  matter;  while,  on  the  contrary,  that 
taken  from  herbivorous  animals,  acted  on  grass 
and   other  vegetable  substances,   without   pro- 

"  The  accuracy  of  this  conclusion  has  been  lately  contested 
'  by  H.  De  Mont^i^,  vhoae  report  of  the  effects  of  the  gaatric 
-  jaice  of  animals  out  of  the  body,  does  not  accord  with  that  of 
Spajlanzani  i  but  the  difference  of  circumstaoces  in  which  bis 
experiments  were  made,  is  quite  sufficient  to  account  for  the 
discrepancy  in  the  results ;  and  those  of  H.  De  Montegre, 
therefore,  by  no  means  invalidate  the  g;eneral  facts  stated  in 
the  text,  vhich  have  been  established  by  the  experiments,  not 
only  of  Spallanzani,  but  also  of  Reaumur,  Stevens,  Leuret,  and 
I^teaigne.     See  Alison's  Outlines  of  Physiology  and  Patbdi^, 

p  iro. 
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during  any  effect  on  flesh ;  but  in  those  ataimals, 
^ich,  like  man,  are  omnivorous,  that  is,  par- 
take indiscriminately  of  both  species  of  aliment, 
it  appeared  to  be  fitted  equally  for  the  solution 
of  both.  So  accurate  an  adaptation  of  the  che- 
mical powers  of  a  solvent  to  the  variety  of  sub- 
stances employed  as  food  by  different  animals, 
displays,  in  the  most  striking  manner,  the  vast 
resources  of  nature,  and  the  refined  chemistry 
she  has  put  in  action  for  the  accomplishment 
of  her  different  purposes. 

In  the  stomachs  of  many  animals,  as  also  in 
the  human,  it  is  impossible  to  distinguish  with 
any  accuracy  the  organization  by  which  the 
secretion  of  the  gastric  juice  is  effected :  but 
where  the  structure  is  more  complex,  there  may 
be  observed  a  number  of  glandular  bodies  inter- 
spersed in  various  parts  of  the  internal  coats  of 
the  stomach.  These,  which  are  termed  the 
Gastric  glands,  are  distributed  in  various  ways 
in  different  instances :  they  are  generally  found 
in  greatest  number,  and  ofien  in  clusters,  about 
the  cardiac  orifice  of  the  stomach ;  and  they  are 
frequently  intermixed  wiUi  glands  of  another 
kind,  which  prepare  a  mucilaginous  fluid,  servii^ 
to  protect  the  highly  sensible  coats  of  the  sto- 
mach from  injurious  impressions.  These  latter 
are  termed  the  mucous  glands,  and  they  are  often 
constructed  so  as  to  pour  their  contents  into 
intermediate  cavities,  or  small  sacs,  which  are 
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denominated  yb/Jttf^M,  where  the  fluid  is  collected 
before  it  is  discharged  into  the  cavity  of  the  sto- 
mach.  The  gastric  glands  of  birds  are  larger 
and  more  conspicuous  than  those  of  quadrupeds: 
but,  independently  of  those  which  are  situated 
in-  the  stomach,  there  is  likewise  found,  in 
almost  all  birds,  at  the  lower  termination  of  the 
cesophagus,  a  large  glandular  organ,  which  has 
been  termed  the  fmlbulus  glandulosus.  In  the 
Ostrich,  this  organ  is  of  so  great  a  size  as  to  give 
it  the  appearance  of  a  separate  stomach.  A 
view  of  the  internal  surface  of  the  stomach  of 
-  the  African  ostrich  is  given  in  Fig.  302  ;  where 


c  is  the  cardiac  cavity,  the  coats  of  which  are 
studded  with  numerous  glands;  o,  o,  are  the 
two  sides  of  the  gizzard.  Fig.  303  shows  one  of 
the  gastric  glands  of  the  African  ostrich ;  Fig. 
304,  a  gland  from  the  stomach  of  the  American 
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mtrich;  and  Fig.  305,  a  section  of  a  gastric 
gland  in  the  beaver,  showing  the  branching  of 
the  ducts,  which  form  three  internal  openings. 
In  birds  that  live  on  vegetable  food,  the  structure 
of  the  gastric  glands  is  evidently  different  from 
that  of  the  corresponding  glands  in  predaceous 
birds ;  but  as  these  anatomical  details  have  not 
as  yet  tended  to  elucidate  in  any  decree  the  pur- 
poses to  which  they  are  subservient  in  the  pro- 
cess of  digestion,  I  pass  them  over  as  being 
foreign  to  the  object  of  our  present  inquiry.* 

It  is  essential  to  tho  perfect  perfonnance  of 
digestion,  that  every  part  of  the  food  received  into 
the  stomach  should  be  acted  upon  by  the  gastric 
juice ;  for  which  purpose  provision  is  made  that 
each  portion  shall,  in  its  turn,  be .  placed  in 
contact  with  the  inner  surface  of  that  orgui. 
This  is  the  more  necessary,  as  many  facts  ren- 
der it  probable,  as  will  be  noticed  more  parti- 
cularly hereafter,  that,  besides  the  chemical 
action  of  the  gastric  juice,  an  influence,  derived 
from  the  nerves,  essentially  contributes  to  the 
accomplishment  of  the  chemical  changes  which 
the  food  undei^oes  in  the  stomach.  For  this 
reason  it  is  that  the  coats  of  the  stomach  are 
provided  with   muscular  fibres,  passing,  s<»iie 

*  These  atructures  have  been  examined  with  great  care  and 
minuteneaa  by  Sir  Everard  Home,  who  haa  givea  the  results  of 
his  inquiries  in  a  seriei  of  papers,  read  from  time  to  time  to  the 
Royal  Society,  and  published  in  their  Transactioua. 
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in  a  longitudmal,  others  in  a  transrerae,  or 
ciFcnlar  direction  ;  while  a  third  set  have  an 
oblique,  or  even  spiral  course.*  When  the 
greater  number  of  these  muscles  act  tc^ether, 
th^  exert  a  considerable  preaaure  upon  the 
contents  of  the  stomach ;  a  pressure  which,  no 
doubt,  tends  to  assist  the  solyent  action  of  the 
gastric  juice.  When  different  portions  act  in 
succession,  they  propel  the  food  from  one  part 
to  another,  and  thus  promote  the  mixture  of 
every  portion  with  the  gastiic  juice.  We  often 
find  that  the  middle  transverse  bauds  contract 
more  strongly  than  the  rest,  and  continue  con- 
tracted for  a  considerable  time.  The  object 
of  this  contraction,  which  divides  the  stomach 
into  two  cavities,  appears  to  be  to  separate  its 
contents  into  two  portions,  so  that  each  may 
be  subjected  to  different  processes ;  and,  indeed, 
the  differences  in  structure,  which  are  often 
observable  between  these  two  portions  of  the 
stomach,  would  lead  to  the  belief  that  their  func- 
tions  are  in  some  respects  different. 

During  digestion  the  exit  of  the  food  from  the 
stonuich  into  the  intestine  is  prevented  by  the 
pylorus  being  closed  by  the  action  of  its  sphinc- 
ter muscle.  It  is  clear  that  the  food  is  required 
to  remain  for  some  time  in  the  stomach  in  order 
to  be  perfectly  digested,  and  this  closing  of  the 

*  See  Tig.  SI,  vol.  i.  p.  137,  and  ito  deacriptioti,  p.  138. 
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pylorus  af^peare  to  be  one  means  anployed  for 
attaining  this  end ;  and  another  is  derived  from 
the  property  which  the  gastric  juice  possesses  of 
coagulating,  or  raidering  solid,  every  animal  or 
vegetable  fluid  susceptible  of  undergoing  that 
change.  This  is  the  case  with  fluid  albumen ; 
the  white  of  an  e^,  for  instance,  which  is 
nearly  pure  albumen,  is  very  speedily  coagu- 
lated when  taken  into  the  stomach ;  the  same 
change  occurs  in  milk,  which  is  immediately 
curdled  by.  the  juices  that  are  there  secreted, 
and  these  effects  take  place  quite  independently 
of  any  acid  that  may  be  present.  The  object 
of  this  change  irom  fluid  to  solid  appears  to  be 
to  detain  the  food  for  some  time  in  the  stomach, 
and  thus  to  allow  of  its  being  thoroughly  acted 
upon  by  the  digestive  powers  of  that  organ. 
Those  fluids  which  pass  quickly  through  the 
stomach,  and  thereby  escape  its  chemical  action, 
however  much  they  may  be  in  themselves 
nutritious,  are  very  imperfectly  digested,  and 
consequently  afford  vray  little  nourishment.  This 
is  the  case  with  oils,  with  jelly,  and  with  all 
food  that   is  much  diluted.*     Hunt^  ascer- 


*  A  diet  cotasMug  of  too  laige  s  proportirai  of  Itquidi, 
Blthot^b  it  may  contain  much  nutritire  mattar,  yet  if  it  be 
incapable  of  being  coagulated  by  the  stomach,  will  not  be 
sufficiently  acted  upon  by  that  organ  (o  be  properly  digested, 
and  will  not  only  afford  comparatively  little  nourish ment,  but 
be  very  liable  to  produce  disorder  of  the  olimeatary  canal.   Thus 
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taia6d  that  this  coagulating  power  belongs  .to 
the  stomach  of  every  animal,  which  he  exa- 
mined for  that  purpose,  from  the  most  perfect 
down  to  reptiles*;  and  Sir  E.  Home  has  pro- 
secuted the  enquiry  with  the  same  result,  and 
ascertained  that  this  property  is  possessed  by  the 
.secretion  from  the  gastric  glands,  which  commu- 
nicates it  to  the  adjacent  membranes.t 

The  gastric  juice  has  also  the  remarkable 
property  of  correcting  putrefection.  This  is  par- 
ticularly exemplified  in  animals  that  feed  on 
carrion,  to  whom  this  property  is  of  great  im- 
portance, as  it  enables  them  to  derive  wholes<»ne 


soupa  will  not  prove  so  nntiitive  when  taken  alone,  u  vfacD 
they  are  anited  with  a  certaio  proportion  of  soKd  food,  capaUe 
of  being;  detained  in  the  atomach,  during  a  time  sufficiently  long 
to  allow  of  the  whole  nndei^ing  the  process  of  dig;estion.  1  was 
led  to  this  conclusion,  not  only  from  theory,  but  from  actual 
observation  of  what  took  place  among  the  prisoners  in  the  Mil- 
bank  Penitentiary,  in  1823,  when  on  the  occasion  of  the  extensive 
prevalence  of  sct^utic  dysentery  is  that  prison.  Dr.  P.  M.  Latham 
and  myself  were  appointed  to  attend  the  sick,  and  enquire  into 
the  origin  of  the  disease.  Among  the  causes  which  concurred 
to  produce  this  formidaUe  malady,  one  of  the  most  prominent 
appeared  to  be  an  impoverished  diet,  conristing  of  a  large 
proportion  of  soupa,  on  which  the  prisoners  had.  subsisted  for.tbe 
preceding  eight  months.  A  very  full  and  perspicuous  account 
of  that  disease  bas  been  drawn  up,  with  great  ability,  by  my 
friend  Dr.  P.  M.  Latham,  and  published  under  the  title  of  "  An 
Account  of  the  disease  lately  prevalent  in  the  General  Peniten- 
tiary." London,  1822. 

'  Observations  on  the  Animal  Economy,  p.  173. 

t  Phil.  Trans,  for  1613,  p.  96. 
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nourishment  from  materials  which  would  other- 
wise taint  the  whole  syst^n  with  their  poison, 
and  soon  prove  destructiTe  to  life. 

It  would  appear  that  the  first  changes  which 
constitute  digestion  take  place  principally  at 
the  cardiac  end  of  the  stomach,  and  that  the 
mass  of  food  is  gradually  transferred  towards. 
the  pylorus,  the  process  of  digestion  still  con- 
tinuing as  it  advances.  In  the  Rahhit  it  has 
been  ascertained  that  food  newly  taken  into 
the  stomach  is  always  kept  distinct  &om  that 
which  was  before  contained  in  it,  and  which 
has  begun  to  undergo  a  change :  for  this  pur- 
pose the  new  food  is  introduced  into  the  centre 
of  the  mass  already  in  the  stomach ;  so  that 
it  may  come  in  due  time  to  be  applied  to  the 
coats  of  that  organ,  and  be  in  its  turn  digested, 
after  the  same  change  has  been  completed  in 
the  latter.* 

As  the  flesh  of  animals  has  to  undergo  a  less 
considerable  change  than  vegetable  materials, 
so  we  find  the  stomachs  of  all  the  purely  carni- 
vorous tribes  consisting  only  of  a  membranous 
bag,  which  is  the  simplest  form  assumed  by 
this  oi^an.*  But  in  other  cases,  as  we  have 
already  seen,  the  stomach  exhibits  a  division 
into  two  compartments,  by  means  of  a  slight 


*  See  Dr.  Philip's  Experimental  Enquiry  into  the  laws  of 
the  Vital  Functions,  3d.  edition,  p.  123. 
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contraction ;  a  condition  which,  as  Sir  E.  Home 
has  remarked,  is  sometimes  found  as  a  tem- 
porary state  of  the  humEin  stomach ;  *  while, 
in  other  animals,  it  is  the  natural  and  per- 
manent confonnation.  The  Rodentia  furnish 
many  examples  of  this  division  of  the  cavity 
into  two  distinct  portions,  which  exhibit  even 
differences  in  their  structure :  this  is  seen  in  the 
Dormouse,  (Fig.  306)  the  Beaver,  the  Hare,  the 
Rabbit,  and  the  Cape  Hyrax,  (Fig.  307). '  The 
first,  or   cardiac   portion,   is   often    lined  with 


cuticle,  while  the  lower  portion  is  not  so  lined ; 
as  is  seen  very  conspicuously  in  the  stomachs  of 
the  Solipeda.  The  stomach  of  the  Horse,  in 
particular,   is  furnished  at  the   cardia,  with  a 

*  The  figure  givea  of  the  biunan  stomach,  p.  182,  skom  it  in 
the  state  of  partial  contraction  here  deacribed. 
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spiral  fold  of  the  inner,  or  cuticular  membrane, 
which  forms  a  complete  valVe,  offering  no  impe- 
diment to  the  entrance 
of  food  from  the  ceso- 
phagus,  but  obstruct- 
ing the  return  of  any 
part  of  the  contents  of 
the  stomach  into  that 
passage.*  This  valve 
is  shown  in  Fig.  311, 
which  represents  an 
inner  view  of  the  car- 
diac portion  of  the  sto- 
mach of  the  horse ;  o 
b^ng  the  termination  of  the  oesophagus. 

The  stomach  of  the  Watef  Rat  is  composed 
of  two  distinct  cavities,  having  a  narrow  passage 
of  communication  ;  the  first  cavity  is  lined  with 
cuticle,  and  is  evidently  intended  for  the  mace- 
ration of  the  food  before  it  is  submitted  to  the 
agents  which  are  to  effect  its  digestion ;  a  process 
which  is  completed  in  the  second  cavity,  pro- 
vided, for  that  purpose,  with  a  glandular  surface. 
In  proportion  as  nature  allows  of  greater  lati- 
tude in  diet,  we  find  her  providing  greater  com- 
plication in  the  digestive  apparatus,  and  subdi- 
viding the  stomach  into  a  greater  number  of 

'  The  total  inability  of  a  bone  to  vomit  i>  probably  a  conse- 
quence of  the  impediment  presented  by  tbis  valve.  See  Mem. 
du  MuB^um  d'Hist.  Nat.  viti.  111. 
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cavities,  each  having  probably  a  separate  office 
assigned  to  it,  though  concurring  in  one  general 
effect.  A  gradation  in  this  respect  may  be 
traced  through  a  long  line  of  quadrupeds,  such 
as  the  Hog,  theP&:cari,  the  Porcupine,  (Fig.308), 
and  the  Hippopotamus,  where  we  find  the  number 
of  separate  pouches  for  digestitni  amounting  to 
four  or  five.  Next  to  these  we  may  rank  the 
very  irregular  stomach  of  the  Kanguroo,  (Fig. 
309)  composed  of  a  multitude  of  cells,  in  which 
the  food  probably  goes  through  several  prepa- 
ratory processes :  and  still  greater  complication 
is  exhibited  by  the  stomachs  of  the  Cetacea,  as, 
for  example,  in  that  of  the  Porpus  (Fig.  310). 
As  the  fishes  upon  which  this  animal  feeds  are 
swallowed  whole,  and  have  laige  sharp  bones, 
which  would  injure  any  surface  not  defended  by 
cuticle,  receptacles  are  provided,  in  which  they 
may  be  softened  and  dissolved,  and  even  con- 
verted into  nourishment,  by  themselves,  and 
without  interfering  with  the  digestion  of  the  soft 
parts.  The  narrow  communications  between 
these  several  stomachs  of  the  cetacea  are  pro-  * 
bably  intended  to  ensure  the  thorough  solution 
of  their  contents,  by  preventing  the  exit  of  all 
such  portions  as  have  not  perfectly  undei^one 
that  process. 

Supernumerary  cavities  of  this  kind,  be- 
loi^ing  to  thb  stomach,  are  more  especially 
^vvided  in  those  aTiimala  which  swallow  food 

VOL.  II.  o 
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either  in  lai^r  quantity  than  ie  immediately 
wanted,  or  of  a  nature  which  requires  much  pre- 
paration previous  to  digestion.  The  latter  Is  more 
particularly  the  case  with  the  homed  ruminant 
tribes  that  feed  on  the  leaves  or  stalks  of  vege- 
tables, a  kind  of  food,  which,  in  proportion  to  its 
bulk,  affords  but  little  nutriment,  and  requires, 
therefore,  a  long  chemical  process  and  a  compli- 
cated digestive  apparatus,  in  order  to  extract  from 
it  the  scanty  nutritious  matter  it  contains,  and 
prepare  it  for  being  applied  to  the  uses  of  the 
By.stem.  This  apparatus  i^.  usually,  considered 
as  consisting  of  f<Hir  stomachs;  and  in,  order  to 
convey  a  distinct  idea.of  this  kind  of  structure  I, 
have  selected  ibr  representation,  in  Fig.  312,  that 


of  the  Sheep,  of  which  the  four  stomachs  are 
marked  by  the  numbers  1 ,  2,  3,  4,  respectively, 
in  the  order  in  which  they  occur  when  traced 
from  the , oesophagus  (c)  to  the  intestine  (p). 
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The  grass  \rhich  is  devoured  in  lai^e  quan- 
titieB  by  these  animals,  and  vhich  uadei^oes 
bat  little  masti^tion'  in  the  mouth,  is  hastily 
swallowed,  and  is  received  into  a  capacious 
reservoir,  marked  1  in  the  figure,  called-  the 
paunch.  This  cavity  is  lined  internally  with  a 
thick  m«nbrane,  beset  with  numerous  flattened 
papillae,  and  is  oft^i  divided'  into  pouches  by 
transverse  contractions.  A¥iiile  the  food  remains 
in  this  bag,  it-  continues  in  rather  a*  dry  state ; 
but  the  moisture'  with  which  it*  is  sdtr6anded 
contributes  to  soften  it;  and  to  prepare  it  for  a 
second  mastication ;  which  is  efiiebted  in  the 
followingmanner.  Coiftiected  with  tb# pathich 
is  aMOther;  but  much  smaller  sac  (2),  which  is 
considered  as  the  second  stomach ;  and,  from'  iti 
internal  mettnbrane  being  thrown  into  nutaeron's 
irregular  folds,  forming  the!  sides  of  polygonal 
cells,  it  has  be^  called  the  hAneycatidt  stomactt, 
or  reticule.  Fig.  313  exhibits  this  reticulated 
appearantie  of  the  inner  surface  of'  thu  cavity. 
A  singular  connexion  exists  betWeen  this  sto* 
maehandthe  preceding ;  for  while  the  oesophagus' 
appears  to  open  naturally  into  the  paunch,  there 
is  oiv  eadi  side'  of  its  termination,  a  muscular 
ri<^  which  prtgects  from  the  orifice  of  the  latter, 
so  that  the  two  tt^ether  form  a  channel  leading 
into  th«  second  stomach  ;  and  thus  the  food  can 
readHy  pass  fr6m  the  oesophagus  into  either  of 
these  cavities,  according  as  the  orifice  of  the  one 
or  the  other  is  open  to  receive  it. 
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It  would  appear,  from  the  obeeirationa  of  Sir 
£.  Home,  that  liquids  drank  by  the  animal  pase 
at  once  into  the  second  stomach,  the  entrance 
into  the  first  being  closed.  The  food  contained 
in  the  paunch  is  transferred,  by  small  portions 
at  a  time,  into  this  second,  or  honey-comb 
st<HnBch,  in  which  there  is  always  a  supply  d 
water  for  moistening  the  portion  of  food  intro- 
duced into  it.  It  is  in  this  latter  stomach,  then, 
that  the  food  is  rolled  into  a  ball,  and  thrown  up, 
through  the  oesophagus,  into  the  mouth,  where  it 
is  again  masticated  at  leisure,  and  while  the  ani- 
mal is  repoung ;  a  process  which  is  well  known 
by  the  name  of  chewing  the  cud,  or  rumination. 

When  the  mass,  after  being  thoroughly  ground 
down  by  the  teeth,  is  again  swallowed,  it  passes 
along  the  cesophagus  into  the  third  stomach  (3), 
the  orifice  of  which  is  brought  forwards  by 
the  muscular  bands,  forming  the  two  ridges 
already  noticed,  which  are  continued  from  the 
second  stomach,  and  which,  when  they  con- 
tract, effectually  prereut  any  portion  of  the 
food  from  dropping  into  either  of  the  preceding 
cavities.  In  the  ox,  this  third  stomach  is  de- 
scribed by  Sir  E.  Home  as  having  the  form 
of  a  crescent,  and  as  containing  twenty-four 
septa,  or  broad  folds  of  its  inner  membrane. 
These  folds  are  placed  parallel  to  one  another, 
like  the  leaves  of  a  book,  excepting  that  they 
are  of  unequal  breadtl^,  and  that  a  narrower 
fold  is  placed  between  each  of  the  broader  ones- 
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I^g.  314  represents  this  plicated  structure  in  the 
iuterior  of  the  third  stomach  of  a  bullock. 
Whatever  food  is  introduced  into  this  cavity, 
which  is  named,  irom  its  foliated  structure,  the 
many-pUes  atomach,  must  pass  between  these 
.folds,  and  describe  three-fourths  of  a  circle, 
before  it  can  arrive  at  the  orifice  leading  to  the 
fourth  stomach,  which  is  so  near  that  of  the  third, 
that  the  distance  between  them  doe?  not  exceed 
three  inches.  There  is,  however,  a  more  direct 
channel  of  communication  between  the  ceso- 
phagus  and  the  fourth  stomach  (4),  along  which 
milk  taken  by  the  calf,  aiid  which  does  not 
require  to  be  either  macerated  or  ruminated,  is 
conveyed  directly  from  the  cesophagus  to  this 
fourth  stomach ;  for  at  that  period  the  folds  of 
the  many-plies  atomach  are  not  yet  separated, 
and  adhere  closely  together ;  and  in  these  ani- 
mals rumination  does  not  take  place,  till  they 
begin  to  eat  solid  food.  It  is  in  this  fourth 
stomach,  which  is  called  the  reed,  that  the  proper 
digestion  of  the  food  is  performed,  and  it  is  here 
that  the  coagulation  of  the  milk  takes  place ;  on 
which  account  the  coats  of  this  stomach  are 
employed  in  dairies,  under  the  name  of  rennet, 
to  obtain  curd  from  milk. 

A  regular  gradation  in  the  structure  of  rumi- 
nating stomachs  may  be  traced  in  the  different 
genera  of  this  family  of  quadrupeds.  In  rumi- 
nants with  horns,  as  the  bullock  and  the  sheep, 
there  are  two  preparatory  stomachs  for  retaining 
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the  food  preriouB  to  mminatitHi,  a  third  for 
receiring  it  after  it  has  undergone  thia  process, 
and  a  fourth  for  effecting  its  digestion.  Rumi-  , 
nants  without  boms,  as  the  Camel,  Dromedary, 
and  Lama,  have  cmty  one  preparatory  stomach 
before  rumination,  answering  the  purpose  of  the 
two  first  stomachs  of  the  bullock;  a  second, 
which  I  shall  presently  notice,  and  which  takes 
no  share  in  digestion,  being  employed  merely  as 
a  r^ervoir  of  water  ;  a  third,  exceedingly  unall, 
and  of  which  the  office  has  not  been  ascertained ; 
and  a  fourth,  which  both  receives  and  digests 
the  food  after  rumination.  Those  herbivorous 
animals* which  do  not  ruminate,  as  the  horse  and 
asfl,  have  only  one  stomach  ^  but  the  upp» 
portion  of  it  is  hned  with  cuticle,  and  appears 
to  poform  some  preparatory  office,  which  rend«cB 
the  food  more  easily  digestible  by  the  lower  p<w- 
tion  of  the  same  cavity.* 

The  remarkable  provision  above  alluded  4o 
in  the  Camel,  an  animal  whidi  nature  has 
evidently  intended  as  the  inhabitant  of  the 
sterile  and  arid  regions  of  the  £ast,  is  that  of 
reservoirs  of  water,  which,  wben  once  filled, 
retain  their  contents  for  a  very  long  time,  and 
may  minister  not  only  to  the  wants  of  the  animal 
that  possesses  it,  but  also  to  those  of  man.  The 
second  stomach  of  the  Camel  has  a  separate 

•  Home,  Phil.  Trans.  8vq.  1806,  p.  370. 
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compartfoent,  to  which  is  attached  a  series  of 
cellular  appendages ;  (exhibited  on  asmall^ale, 
in  Fig.  315) :  in  these  the  water  is  retained  by 
strong  muscular  bands,  which  close  the  orifices 
of  the  cells,  while  the  other  portions  of  the 
stomach  are  perfoiming  their  usual  functions. 
By  the  relaxation  of  these  muscles,  the  water  is 
gradnally  allowed  to  mix  with  the  contents  of 
the  stomach,  and  thus  the  Camel  is  enabled  to 
suppcMt  long  marches  across  the  desert  without 
rec^Ving  any  fV«sh  supply.  The  Arabs,  who 
traverse  those  extiaisiTe  plains,  accompanied  by 
these  usejul  animfds,  are,  it  is  said,  sometimes 
obhged,  when  faint,  and  in  danger  of  perishing 
frotia  Uiirst,  to  kill  one  of  (heir  camels,  for  the 
"Bake  of  the  water  contained  in  these  reserroiTs, 
which  they  always  find  to  be  pure  and  wholesome. 
It  is  stated  by  those  who  have  travelled  in  Egypt, 
that  camels,  when  accustomed  to  go  journeys, 
during  which  they  are  for  a  long  time  deprived 
of  water,  acquire  the  power  of  dilating  the  cells, 
so  as  to  make  them  c<mtain  a  more  than  ordinary 
quantity,  as  a  supply  for  their  journey.* 

When  the  Elephant,  while  travelling  in  very 
hot  weather,  is  tormented  by  insects,  it  has  been 
observed  to  throw  out  from  its  proboscis,  directly 
upon  the  part  on  which  the  flies  fix  themselves, 
a  quantity  of  water,  with  such  force  as  to  dislodge 

*  Home,  Lectures  on  Comparative  Anatomy,  vgl.  i.  p.  171. 
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them.  The  quantity  of  water  throffn  out,  is  ra 
proportion  to  the  distance  of  the  part  attacked, 
and  is  coinmonly  half  a  pint  at  a  time :  and  this 
Mr.  Pierard,  who  resided  many  years  in  India, 
has  known  the  elephant  repeat  eight  or  ten  times 
within  the  hour.  The  quantity  of  water  at  the 
animal's  command  for  this  purpose,  ohserres  Sk 
E.  Home,  cannot  therefore  be  less  than  six 
quarts.  This  water  is  not  only  ejected  immedi- 
ately after  drinking,  but  six  or  eight  hours  after- 
wards. Upon  receiving  this  information,  Sir  "B. 
Home  examined  the  structure  of  the  strauach  of 
that  animal,  and  found  in  it  a  cavity,  like  that  <tf 
the  camel,  perfectly  well  adapted  to  afford  tha 
occasional  supply  of  water,  which  may,  at  othear 
times,  be  employed  in  moistening  dry  food  for 
the  purposes  of  digestion.* 

In  every  series  of  animals  belonging  to  other 
classes,  a  correspondence  may  be  traced,  as  has 
been  done  in  the  Mammalia,  between  the  nature 
of  their  food  and  the  conformation  of  their  diges- 
tive organs.  The  stomachs  of  birds,  reptiles 
and  fishes,  are,  with  certain  modifications, 
formed  very  much  upon  the  models  of  those 
already  ^described,  according  as  the  food  con- 
sists of  animal  or  of  vegetable  materials,  or 
presents  more  or  less  resistance  from  the  co- 
hesion of  its  texture.     As  it  would  be  impos- 

*  Sapplemeat  to  Sir  E.  Home's  Lecturei  mi  CompkiaUve 
ADatomy,  vol.  vi.  p.  9. 
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siUe  in  this  place  to  enter  into  ell  the  details- 
neceflse^  for  folly  illu&tratiDg  this  proposition, 
I  ouist  content  myself  with  indicating  a  few  qf 
the  tttoBt  general  results  of  the  inquiry.* 

As  the  food  of  birds  Taries,  in  different  spe- 
cies, from  die  softest  animal  matter  to  the 
hardest  grain,  so  we  observe  every  gradation  in 
their  stomachs,  from  the  rnembranous  sac  of  the 
carnivorous  tribes,  which  is  one  extreme,  to  the 
true  gizzard  of  granivorous  birds,  which  occu- 
pies the  other  extremity  of  the  series.  This 
gradation  is  established  by  the  muscular  fibres, 
which  surround  the  former,  acquiring,  in  dif- 
ferent tribes,  greater  extent,  and  forming  stronger 
muscles,  adapted  to  the  corresponding  variations 
in  the  food,  more,  especially  as  it  partakes  of  the 
animal  or  vegetable  character. 

In  all  the  cold-blooded  vertebrata,  where  di- 
g^tioa  is  not  assisted  by  any  internal  heat,  that 
operation  proceeds  more  slowly,  though  in  the 
end  not  less  effectually,  than  in  animals  where, 
the  contents  of  the  stomach  ^ire  constantly  main- 
tained at  a  high  temperature.     They  almost  all 

*  The  comparative  anatomy  of  the  itomach  has  beeo  investi- 
gated with  great  diligence  by  the  late  Sir  E.  Homej  and  the 
results  recorded  in  the  papers  he  communicated  from- time  to 
time  to  tha  Rojal  Society,  and  which  have  been  repubUihed  in 
his  splendid  work,  entitled  "  lectures  on  Comparative  Anatomy," 
to  which  it  will  be  seen  that  I  have  been  largely  indebted  for  the 
taet$  and  obiervationt  relating  to  this  subject,  detailed  in  the 
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rank  as  camiTorons  animids,  and  have  accord- 
ingly tstoraachfi,  which,  however  they  may  vai^y 
in  their  form,  are  alike  simply  membranous  in 
their  structure,  and  act  by  means  of  the  solvent 
power  of  their  secretiixiB.  Among  reptiles,  only 
a  few  exceptions  occnr  to  this  rule.  The 
common  sea-turtle  that  is  broi^ht  to  our  tables, 
is  one  of  these ;  for  it  is  found  to  feed  exclu- 
sively on  vegetable  diet,  and  chiefly  on  the  sea- 
weed called  zostira  maritima,  and  the  structure 
of  its  stomach  corresponds  exactly  to  the  gizzard 
of  birds.  Some  tortoises,  also,  which  eat  grass, 
make  an  approach  to  the  same  structure. 

In  fishes,  indeed,  although  the  membranous 
structure  of  the  stomach  invariably  accompanies 
the  habit  of  preying  upon  other  fish,  yet  there  is 
one  species  of  animal  food,  nEunely,  shell-fish, 
which  requires  to  be  broken  down  by  powerful 
means  before  it  can  be  digested.  In  many  fish, 
which  consume  food  of  this  kind,  its  trituration 
is  effected  by  the  mouth,  which  is,  for  this  pur- 
pose, as  I  have  already  noticed  in  the  wolf-fish, 
armed  viUi  strong  grinding  teeth.  But  in 
others,  an  apparatus  similar  to  that  of  birds  is 
employed ;  the  office  of  mastication  being  trans- 
ferred to  the  stomach.  Thus  the  Mullet  has  a 
stomach  endowed  with  a  degree  of  nrascular 
power,  adapting  it,  like  the  gizzard  of  birds,  to 
the  double  office  of  mastication  and  digestion ; 
and  the  stomach  of  the  Gillaroo  trout,  a  fish 
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■peeaCftT  to  Ireland,  exhibits,  tfaough  in  a  less 
degree,  the  same  Btmctttre.  The  common  trout, 
Alao,  .occasionally  Uvea  upon  Bhell-fish,  and 
swallows  atones  to  assist  in  breaking  the  shells. 

Among  the  invortebrated  classes  we  occa- 
sionally meet  with  instances  of  structures  ex- 
ceedingly analogous  to  a  gizzard,  and  probably 
p»forming  the  same  insctions.  Such  is  the 
OEgan  found  in  the  Sepia;  the  carth-wona  has 
Jboth  a  cwp  and  a  gizzard ;  and  insects  offer 
numerous  instances,  presently  to  be  noticed,  of 
^freat  complexity  in  the  structure  of  the  stomach, 
which  is  often  provided,  not  only  with  a  me- 
chanism analc^us  to  a  gizzard,  but  also  with 
fows  <^  gastric  teeth. 


Chapteb  VIII. 

Chylijlcation. 

The  formation  cS  Chyle,  or  the  fluid  which  is 
the  immediate  and  exclusire  source  of  nutriment 
to  the  system,  takes  j^ace  in  the  intestinal  tube, 
into  which  the  chyme  prepared  by  the  stomach 
is  received,  and  where  farther  chemical  changes 
aie  effected  in  its  composition.  The  mode  in 
which  the  conversion  of  chyme  into  chyle  is 
accomplished,  and  indeed  the  exact  nature  of  the 
changes  themselves,  being,  as  yet,  very  imper- 
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fectly  known,  it  is  consequently  impossible  to 
trace  distinctly  the  correspondence  which,  in  all 
cases,  undoubtedly  exists  between  the  objectSt 
to  be'  answered,  and  the  means  employed  for 
their  attainment.  No  doubt  can  be  entertained 
of  the  importance  of  the  functions  that  are  per- 
formed by  structures  so  large  and  so  complicated 
as  are  those  comjposing  the  alimentary  canal, 
and  its  various  appendages.  We  plainly  per- 
ceive that  provision  is  made  in  the  interior  of 
that  canal,  for  subjecting  its  contents  to  the 
action,  first,  of  an  extenave  vascular  and  nervous 
surface  ;  and  secondly,  of  various  fluid  secretions, 
derived  from  different  sources,  and  exercising 
powerful  chemical  agencies  on  the  digested 
aliment ;  that  a  muscular  power  is  supplied,  by 
means  of  the  layers  of  circular  and  longitudinal 
fibres,  contained  between  the  outer  and  inner 
coats  of  the  intestine,*  for  exerting  a  certain 
pressure  on  their  contents,  and  for  propelling 
them  forwards  by  a  succession  of  contractions, 
which  constitutes  what  is  termed  their  peristaltic 
motion ;  and  lastly,  that  contrivances  are  at  the 
same  time  resorted  to  for  retarding  the  progress 
of  the  aliment  in  its  passage  along  the  canal,  so 
that  it  may  receive  the  liill  action  of  these  several 
agents,  and  yield  the  utmost  quantity  of  nutri- 
ment it  is  capable  of  affording. 

•  See  vol.  i.  p.  137. 
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The  total  length  of  the  intestinal  tube  differs 
much  in  different  animals,  being  in  general,  as 
already  stated,  smaller  in  the  carnivorous  tribes, 
than  in  those  which  feed  on  substances  of  diffi- 
cult digestion,  or  afibrding  but  little  nourishment. 
In  these  latter  animals,  the  intestine  is  always  of 
great  length,  exceeding  that  of  the  body  many 
times;  hence  it  is  obliged  to  be  folded  into  a 
spiral  or  serpentine  course,  fonning  many  con- 
volutions in  the  abdominal  cavity.  Sometimes, 
probably  for  greater  convenience  of  package^ 
instead  of  these  numerous  convolutions,  a  similar 
effect  of  increasing  the  surface  of  the  inner 
membrane  is  obtained  by  raising  it  into  a  great 
number  of  folds,  which  project  into  the  cavity. 
These  folds  are  often  of  considerable  breadth, 
contributing  not  only  to  the  extension  of  the 
surface  for  secretion  and  alraorption,  but  also  to 
the  detention  of  the  materials,  with  a  view  to 
their  more  complete  elaboration.  Remarkable 
examples  of  this  kind  of  stnic- 
ture  occur  in  most  of  the  carti- 
laginous fishes,  when  the  inner 
coat  of  the  laige  intestine  is  ex- 
panded into  a  broad  fol4>  which, 
as  is  seen  in  Fig.  316,  repre- 
senting this  structure  in  the  in- 
terior of  the  intestine  of  the 
shark,  takes  a  spiral  course ;  and 
this  is  continued  nearly  the  whole 
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length  of  the  canal,  so  that  the  intem&l  anrftice 
is  much  augmented  without  any  increase  in  the 
length  of  the  intestine.* 

When  the  nature  of  the  assimilatory  proeees 
is  such  as  to  require  the  complete  detention  of 
the  foodj  fcr  a  oertain  time,  in  particular  situa- 
tions, we  find  thisobject  provided  for  by  mesans 
of  caca,  or  separate  pouches,  opening  laterally 
from  the  cavity  of  the  intestine,  and  having  no 
other  outlet.  Structures  of  this  description'haTe 
already  been  noticed  in  the  infusoria  f,  and  they 
are  met  with,  indeed,  in  animals  of  every  chtss; 
ooouning  in  varioos  parts  of  the  alimentary  tube,' 
sfMnetimes  even  b»  high  as  the  pyloric  portion  of 
the  stomach,  and  frequently  at  the  commeffce-' 
ment  of  the  sm»U  intestine.  Their  most  usual 
situatioDy  however,  is  lower  down,  and  especially 
at  the  paitwhere  the. tube, afl» having  remaieed 
narrow  in  tbs  first  half  of  its  course,  is  d^ted 
into  a  wider  cavity^  which  is  dntinguished  frcntt' 
the  former  by  the  appellation  of  the  great  intes- 
tine, and  I  which  is  frequently  more  capacious 
than  the  stomach  itself.  It  is  exceedingly  pro- 
bable that  these  two  portions  of  the  canal  per- 
form   different   functions    in    reference   to    the 

*  Structures  of  this  diBcnption  hare  a  particular  claim  to 
stlention  from  the  light  they  throw  on  the  nature  of  aereral 
fossil  remains,  lately  investigated  with  singular  success  by  Dr. 
Buck  land. 

t  Page  96,  of  this  volume. 
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asaimilatjon  of  the  food :  but  hitherto  no  clue 
has  been  discovered  to  guide  us  through  the 
intricacies  of  this  difficult  part  of  physiolc^y ; 
and  we  can  discern  little  more  than  the  ex- 
istence, already  mentioned,  of  a  constant  relation 
between  the  nature  of  the  aliment  and  ^e 
structure  of  the  inteatinee,  which  are  longer, 
more  tortuous,  and  more  complicated,  and- are 
furnished  with  more  extensire  folds  of  the  inner 
membrane,  and  with  larg^  and  more  numerous- 
cieca,  in  animals  that,  feed  OU' v^etable  sub- 
staitQes,  than  in  camiTorous- animals  of  the  same 
claw. 

The  class  of^  insets  supplies  numberless 
exemplifications  of  the  accurate  adaptation  of 
the  structure  of  the  organs  (tf  .assimilation,  to  the 
nature  of  the  food  which  is  to  be  converted  into 
nutriment,  and  of  the  general  principle  that 
vegetable  aliment  requires  longer  processes,  and 
a  more  complicated  apparatus,  for  this  purpose, 
.than  that  which  has  been  already  animalized. 
In  the  herbivorous  tribes,  we  find  the  oesophagus 
either  extremely  dilatable,  so  as  to  serve  as  a 
crop,  or  receptacle  for  containing  the  food  pre- 
vious to  its  digestion,  or  having  a  distinct  pouch 
appended  to  it  for  the  same  object :  to  this  there 
generally  succeeds  a  gizzard,  or  apparatus  for 
trituration,  furnished,  not  merely  with  a  hard 
cuticle,  as  in  birds,  but  also  with  numerous  rows 
of  teeth,  of  various  forms,  answering  most  effec- 
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tually  the  purpose  of  dWiding,  or  grinding  into 
the  minutest  fragments,  all  the  harder  parts  of 
the  food,  and  thus  supplying  any  deficiency 
of  power  in  the  jaws  for  accomplishing  the 
same  object.  Thence  the  aliment,  properly 
prepared,  passes  into  the  cavity  appropriated  for 
its  digestion,  which  constitutes  the  true  sto- 
mach.* In  the  lower  part  of  this  oi^an  a  pecu- 
liar fluid  secretion  is  often  intermixed  with  it, 
which  has  been  supposed  to  be  analogous  to  the 
bile  of  the  higher  animals.  It  is  prepared  by 
the  coats  of  slender  tubes,  termed  hepatic 
vessels,  which  are  often  of  great  length,  and 
sometimes  branched  or  tufted,  or  beset,  like  the 
fibres  of  a  feather,  with  lateral  rows  of  filaments, 
and  which  float  loosely  in  the  general  cavity  of 
the  body,  attached  only  at  their  termination, 
where  they  open   into  the  alimentary  canal.t 

*  It  u  otieu  difficult  to  distinfuiih  the  portioiiB  of  the  cmnal, 
vhich  correipODd  in  their  functions  to  the  stomach,  ftnd  to  the 
first  division  of  the  intestines,  or  duodenum ;  so  that  diflermt ' 
naturalists,  according  to  the  views  they  take  of  the  peculiar  office 
of  these  pnrts,  have  applied  to  the  same  cavity  the  term  of  cky- 
liferoui  ttomach,  or  of  duodentttn.  See  the  memoir  of  L^n 
DufouT,  in  tiie  AnnaleR  des  Sciences  Naturellea,  ii.  473. 

f  The  first  trace  of  a  secreting  structure,  corresponding  to 
hepatic  vessels,  is  met  with  in  the  j4>ferKU,  where  the  double  row 
of  minute  lobes  attached  to  the  CKcal  stomachs  of  those  animals, 
and  discbai^ng;  their  fluid  into  these  cavities,  are  considered  by 
Carus,  as  performing  a  similar  office.  The  flocculent  tissue 
vhich  surrounds  the  intestine  of  the  Hololhuria,  is  probably 
also  an  hepatic  apparatus. 
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In  some  iDsecta  these  tubes  are  of  larger  dia- 
meter than  in  others :  and  in  many  of  the  or- 
thoptera,  as  we  shall  presently  see,  they  open 
into  large  receptacles,  sometimes  more  capacions 
than  the  stomach  itself,  which  have  been  sup- 
posed to  serve  the  purpose  of  reservoirs  of  the 
biliary  secretion,  pouring  it  intor  the  stomach  on 
those  occasions  only  when  it  is  particularly 
iff'anted  for  the  completion  of  (be  digestive 
process.* 

The  distinction  into  small  and  great  intestine 
is  more  or  lees  marked,  in  different  insects,  in 
proportion  to  the  quantities  of  food  consumed, 
and  to  its  vegetable  nature  ;  and  in  herbivorous 
tribes,  more  especially,  the  dilatations  in  the 
lower  part  of  the  canal  are  most  conspicuous, 
as  well  as  the  dupHcatures  of  the  inner  mem- 
brane, which  constitute  imperfect  valves  for 
retarding  the  progress  of  the  aliment.  It  is 
generally  at  the  point  where  this  dilatation  of 
the  canal  comm«ices,  that  a  second  set  of 
hepatic  vessels  is  inserted,  faavii^  a  structure 
essentially  the  same  as  those  of  the  first  set,  but 
generally  more  slender,  and  uniting  into  a  small 
number  of  ducts  before  they  terminate.  The 
number  and  complication  of  both  these  sets  of 
hepatic  vessels,  appear  to  have  some  relation  to 

*  A  doubt  is  suggested,  by  Jjkon  Dufour,  whether  the  liquid 
found  in  those  pouches  is  real  bile,  or  merely  aliment  io  the  pro- 
greu  of  assimilation.     Ann.  Sc.  Nat  ii.  478. 

VOL.  II.  P 
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the  existence  and  derelopement  of  the  gizzard, 
and  consequently  also  to  the  nature  and  bulk  of 
the  food.  Vessels  of  this  description  are,  indeed, 
con^intly  found  in  insects ;  but  it  is  only  where 
a  gizzard  exists,  that  two  sets  of  these  secreting 
organs  are  provided  ;  and  in  some  larvn,  remark- 
able for  their  excessive  voracity,  even  three 
orders  of  hepatic  vessels  are  met  with.* 

A  muscular  power  has  also  been  provided,  not 
only  for  the  strong  actions  exerted  by  the  gizzard, 
but  also  for  the  necessary  propulsion,  in  dif- 
ferent directions,  of  the  contents  both  of  the 
stomach  and  intestinal  tubes.  The  muscular 
fibres  of  the  latter  are  distinctly  seen  to  consist 
of  two  sets,  the  one  passing  in  a  transverse  or 
circular,  and  the  other  in  a  longitudinal  direc- 
tion. Glandular  structures,  analc^ous  to  the 
mucous  follicles  of  the  higher  animals,  are  also 
plainly  distinguishable  in  the  internal  coat  of  the 
canal,  more  especially  of  herbivorous  insects.f 
The  whole  tract  of  the  alimentary  canal  is  at-- 
tached  to  the  sides  of  the  containing  cavity  by  a 
fine  membrane,  or  peritoneum^  containing  numer- 
ous air-vessels,  or  trackea.X 


*  See  the  Memoin  of  Marcel  des  Serres,  in  the  Annalei  du 
Museum,  xx.  48. 

+  Lyonet. 

I  It  has  been  stated  by  Malpjghi  and  by  Swammerdam,  and 
the  statement  has  been  repeated  by  every  succeeding  ana- 
tomist, that   almost   all  the  insects  belonging  to  the  tribe  of 
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To  engage  in  a  minute  description  of  the  end- 
less yariations  in  the  structure  of  the  digestive 
organs,  presented  in  the  innumerable  tribes 
which  compose  this  class  of  animals,  vould 
be  incompatible  with  the  limite  of  this  treatise. 
I  shall  cont^it  myself,  tiierefore,  with  giving  a 
few  illustrations  of  their  prin- 
cipal varieties,  selected  from 
those  in  which  the  leading 
characters  of  structure  are 
most  strongly  marked.  Ishalli 
with  this  view,  exhibit  first  one 
of  the  simplest  forms  of  the 
alimentary  organs  as  they  oc- 
cur in  the  Mantis  religiosa, 
(Linn.)  which  is  a  purely  car- 
nivorous insect,  belonging  to 
the  order  of  Orthoptera.  Fig. 
317  represents  those  of  this 
insect,  freed  from  their  attach- 
ments, and  separated  from  the 
body.  The  whole  canal,  as  is 
seen,  is  perfectly  straight :  it 
commences  by  an  oesophagus 
(o),  of  great  length,  which  is  succeeded   by  a 


OrylH,  possessed  the  facohy  of  ruminating  their  food  ;  but  this 
WTor  hu  been  refuted  by  Marcel  dea  Serres,  who  has  ofiered  satis- 
factory evidence  that  in  no  insect  is  the  food  subjected  to  a  true 
rnmination,  or  second  mastication,  by  the  organs  of  the  mouth. 
See  Anodes  du  Museum,  xx.  51  and  364. 
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gizzard  (c)  ;  at  the  lower  extremity  of  this  organ 
the  upper  hepatic  vessels  (b,b),  eight  in  number, 
and  of  considerable  diameter,  are  inserted :  then 
follows  a  portion  of  the  canal  (d),  which  may  be 
regarded  either  as  a  digesting  stomach,  or  a 
chyliferous  duodeniun  :  farther  downwards,  the 
second  set  of  hepatic  vessels,  (h  h),  which  are 
very  numerous,  'but  as  slender  as  hairs,  are 
received :  and  after  a  small  contraction  (n)  there 
is  again  a  slight  dilatation  of  the  tube  (c)  before 
it  tenninates. 

The  alimentary  canal  of  the  Cicindela  campes- 
tris,  (Lin.)  which  preys  on  other  insects,  is  re- 
presented in  Fig.  .')18;  where  we  see  that  the 
lower  part  of  the  oesophagus  (o),  is  dilated  into 
.  a  crop  (p),  succeeded  by  a  small  gizzard  (g), 
which  is  provided  for  the  purpose  of  bruising 
the  elytra,  and  other  hard  parts  of  their,  victims : 
but,  their  mechanical  division  being  once  effected, 
we  again  find  the  true  digesting  stomach  (s) 
simply  membranous,  and  the  intestine  (i)  very 
short,  but  dilated,  before  its  termination,  into  a 
large  colon  (c).  The  hepatic  vessels  (h),  of 
which,  in  this  insect,  there  is  only  one  set,  ter- 
minate in  the  cavity  of  the  intestine  by  four 
ducts,  at  the  point  where  that  canal  commences. 
A  more  complicated  structure  is  exhibited  in 
the  alimentary  tube  of  tlie  Melolontha  vulgaris, 
or  common  cockchafier,  which  is  a  vegetable 
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feeder,  deTOuring  great  quantities  of  leaves  of 
plants,  and  consequently  requiring  a  long  and 
capacioas  canal  for  their  assimilation  ;  as  is 
shown  in  Fig.  319,  which  represents  them  pre- 


pared in  a  umilar  manner  to  the  former.  In 
this  herbivorous  insect,  the  oesophagus  (o)  is,  as 
might  be  expected,  very  short,  and  is  soon  dilated 
into  a  crop  (p)  ;  this  is  followed  by  a  very  long, 
wide,  and  muscular  stomach  (s),  ringed  like  an 
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earth-worm,  and  continued  into  a  long  and  tor- 
320        tuous  intestine  (i,  i),  which  presents  in 
ita  course  several  dilatations  (c,  c), 
and  receiTes  very  elongated,  conro- 
Inted,  and  ramified  hepatic  vessels 
(h,h).  Fig.  320  is  a  highly  magnified 
view  of  a  small  portion  of  one  of  these 
vessels,  showing  its  branched  form. 
In  the  alimentary  canal  (Fig.  321*)  of  the 
Acrida     aplefa     (Stephens), 
which  is  a  species  of  grass- 
hopper, feeding  chiefly  on  the 
dewberry,  we  observe  a  long 
,^-  cesophagus  (o),  which  is  very 

^-jT  •325     dilatable,  enlarging  occasion- 

r'      ^9^^f*     ceeded  by  a  rounded  or  heart- 
"  ,     shaped  gizzard  (o),  of   very 

'  complicated  structure,  and 
connected  with  two  remark- 
ably large  biliary  pouches  (u 
and  b),  which  receive,  at  their 
anterior  extremity,  the  upper 
set  of  hepatic  vessels  (v  v).  A 
deep  furrow  in  the  pouch  (k), 
which,  in  the  horizontal  poei- 

•  The  figures  relating  to  tbU  insect  were  engraved  from  tiie 
drawings  of  Mr.  Newport,  who  wu  also  kind  enough  to  supply 
me  with  the  description  of  tlie  parts  they  represent.  Fig.  321  is 
twice  the  natural  size. 
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tion  of  the  body,  lies  underneath  the  gizzard, 
divides  it  apparently  into  two  Bacs.  The  intes- 
tinal canal  is  pretty  uniform  in  its  diameter,  re- 
ceives in  its  course  a  great  number  of  hepatic 
vessels  (h  h),  by  separate  openings,  and  after 
making  one  convolution,  is  slightly  constricted 
Qt  N,  and  is  dilated  into  a  colon  (c),  on  the  coats 
of  which  the  longitudinal  muscular  bands  are 
very  distinctly  seen.  Fig.  332  is  a  magnified 
view  of  the  gizzard  laid  open,  to  show  its  internal 
structure.  It  is  fumi^ed  with  six  longitudinal 
rows  of  large  teeth,  and  six  intermediate  double 
rows  of  smaller  teeth ;  the  total  number  of  teeth 
being  270.  One  of  the  rows  of  large  teeth  is 
seen,  detached,  and  still  more  magnified,  in  Fig. 
323;  it  contains  at  the  upper  part,  five  small 
hooked  teeth  (f),  succeeded  below  by  four  broad 
teeth  (d),  consisting  of  quadrangular  plates,  aod 
twelve  tricuspid  teeth  (t)  ;  that  is,  teeth  having 
three  cusps,  or  points  at  their  edges.  Fig.  324 
shows  the  profile  of  one  of  these  teeth ;  a,  being 
the  sharp  point  by  which  the  anterior  acute  angle 
of  the  base  terminates.  Fig.  325  exhibits  the 
base  of  the  same  tooth  seen  from  below,  e,  e,  e, 
being  the  three  cusps,  and  m,  the  triangular 
hollow  space  &x  the  insertion  of  the  muscles 
which  move  them,  and  which  compose  part  of 
the  muscular  apparatus  of  the  gizzard.  The 
smaller  teeth,  which  are  set  in  double  lines 
between  each  of  the  larger  rows,  consist  of  twelve 
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small  triangular  teeth  in  each  row.  All  the 
teeth  contained  in  this  oi^an  are  of  a  brown 
colour  and  horny  texture,  resembling  tCNrttHse- 
shell. 

The  same  insect,  as  we  have  seen,  oiten 
exhibits,  at  different  periods  of  its  existence, 
the  greatest  contrast,  not  only  in  external  form, 
but  also  in  its  habits,  instincts,  and  modes  of 
subsistence.  The  larva  is  generally  remarkable 
for  its  voracity,  requiring  large  supplies  of  foo^ 
to  furnish  the  materials  for  its  rapid  growth,  and 
frequently  consuming  enormous  quantities  of 
fibrous  v^etable  aliment :  the  perfect  insect,  on 
the  other  hand,  having  attained  its  full  dimen- 
sions, is  sufficiently  supported  by  small  quantities 
of  a  more  nutritious  food,  consisting  eith^  of 
animal  juices,  or  of  the  fluids  prepared  by 
flowers,  which  are  generally  of  a  saccharine 
quality,  and  contain  nourishment  in  a  concen- 
trated form.  It  is  evident  that  the  same  appa- 
ratus, which  is  necessary  for  the  digestion  of  the 
bulky  food  taken  in  during  the  former  period, 
would  not  be  suited  to  the  assimilation  of  that 
which  is  received  during  the  latter ;  and  that  in 
order  to  accommodate  it  to  this  altered  condition 
of  its  AinctioQ,  considerable  changes  must  be 
made  in  its  structure.  Hence,  it  will  be  interest- 
ing to  trace  the  gradual  transitions  in  the  confor- 
mation of  the  alimentary  canal,  during  the  pro- 
gressive developement  of  the  insect,  and  more 
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especially  while  it  is   undergoing  its  different 
metamorphoees. 

These  changes  are  most  conspicuous  in  the 
Lepidoptera,  where  we  may  observe  the  suc- 
cessive contractions  which  take  place  in  the  im- 
mensely TolumiDous  stomach  of  the  caterpillar, 
while  passing  into  the  state  of  chrysalis,  and 
thence  into  that  of  the  perfect  insect,  in  which 
its  form  is  so  changed  that  it  can  hardly  be 
recognised  as  the  same  oi^an.     I  have  given  re- 

328  32;  326 


presentations  of  these  three  different  states  of 
the  oitire  alimentary  canal  of  the  Sphinx  ligmtri. 
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or  Privet  Hawk-moth,  in  Figures  326,  327,  and 
328* ;  the  first  of  which  is  that  of  the  caterpillar ; 
the  second,  that  of  the  chrysalis ;  and  the  third, 
that  of  the  moth.  The  whole  canal  and  Its  ap- 
pendages, have  been  separated  from  their  at- 
tachments, and  spread  out,  so  as  to  display  all 
their  parts;  and  they  are  delineated  of  the 
natural  size,  in  each  case,  so  as  to  show  their 
comparative  dimensions  in  these  three  states, 
lu  all  the  figures,  a  is  the  (esophagus ;  b,  the 
stomach ;  c,  the  small  intestine ;  d,  the  csecal 
portion  of  the  canal ;  and  e,  the  colon,  or  large 
intestine.  The  hepatic  vessels  are  shown  at  f  ; 
and  the  gizzard,  which  is  developed  only  in 
the  moth,  at  G,  Fig.  328. 

It  will  be  seen  that  in  the  caterpillar,  (Fig.  326), 
the  stomach  forms  by  far  the  most  considerable 
portion  of  the  alimentary  tube,  and  that  it  bears 
some  resemblance  in  its  structure  and  capacity 
to  the  stomachs  of  the  Annelida,  already  de- 
scribed.t  This  is  followed  by  a  lai^e,  but  short, 
and  perfectly  straight  intestine.  These  organs 
in  the  pupa  (Fig.  327)  have  undergone  con- 
siderable modifications,  the  whole  canal,  but 
more  especially  the  stomach,  being  contracted 


*  'Rieae  fibres  also  hare  beea  engraTcd  Trom  the  dniwinga  of 
Mr.  Newport,  which  he  was  so  obli^ng  ai  to  make  for  me,  from 
preparations  of  his  own,  the  result  of  very  careful  dissections. 

t  See  the  Ggurea  and  description  of  those  of  the  Nais  and 
the  Leech,  p.  103  and  103. 
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both  in  length  and  width* :  the  shortening  of 
the  intestine  not  being  in  proportion  to  that 
of  the  whole  body,  obliges  it  to  be  folded  upon 
itself  for  a  certain  extent.  In  the  moth,  (Fig. 
328),  the  contraction  of  the  stomach  has  pro- 
ceeded much  farther;  and  an  additional  cavity, 
which  may  be  coamdered  as  a  species  of  crop 
or  ^^z^ard  (o),  is  developed :  the  small  intestine 
takes  a  great  many  tarns  during  its  course, 
and  a  large  pouch,  or  ascum,  has  been  formed 
at  the  part  wha?e  it  joins  the  lai^  intestine. 

The  hepatic  vessels  are  exceedingly  nume- 
rous in  the  Crustacea,  occupying  a  v^y  large 
space  in  the  general  cavity ;  and  they  compose 
by  their  union  an  oi^an  of  con»derable  size, 
which  may  be  r^arded  as  analogous  iq  its 
iajQctioHs  to  the  Uver  of  the  higher  classes 
of  animals.  This  organ  acquires  still  greater 
siae  and  inportance  in  the  Mollusca,  where  it 
frequently  envelopes  the  stomach,  pouring  the 
bile  into  its  cavity  by  numerous  docts-t  As  the 
structure  and  course  of  the  intestinal  canal 
varies  greatly  in  difi»ent  tribes  of  Mollusca, 
they  do  not  admit  of  being  couprised  in  any 

*  Caim  states  that  he  foani  the  stomacb  of  a  pupa,  twelve 
dsya  lAer  it  had  aaMiimed  that  state,  scarcely  tnlf  as  long,  and 
only  one-sixth  as  wide  as  it  bad  been  in  the  caterpillar. 

t  Transparent  crystalline  needles,  the  nature  and  uses  of  which 
are  quite  unknown,  are  frequently  found  in  the  biKary  fleets 
of  this  class  of  animals. 
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general    description.      The    only   examples    I 
think  it  necessary  to  give,  in  this  class,  are  those 
of  the  Patella,  or  Limpet,  and 
a  of  the  Pleurobranchus.   The  in- 

testinal tube  of  the  Patella  is 
delineated  in  Fig.  32d;  where 
M  is  the  mouth ;  t,  the  tongue 
folded  back ;  o,  the  oesophagus ; 
and  5,  the  stomach,  from  which 
the  tortuous  intestinal  tube  is 
seen  to  be  continued.     All  the 
convolutions   of  this  tube,   as 
well  as  the  stomach  itself,  are  enclosed,  or  rathor 
imbedded  in  the  substance  of  the  liver,  which 
is  the  largest  orgEtn  of  the  body. 

The  Pleurobranchus  Peronii  (Cuv.)  is  remark- 
able for  the  number  and  compli- 
cation of  its  oi^ans  of  digestion. 
They  are  seen  laid  open  in  Fig. 
330 ;  where  c  is  the  crop ;  o,  the 
gizzard ;  p,  a  plicated  stomach,  re- 
sembling the  third  stomach  of  ru- 
minant quadrupeds ;  and  d,  a  fourth 
cavity,  being  that  in  which  diges- 
tion is  completed.  A  canal  of  com- 
munication is  seen  at  t,  leading  from 
the  crop  to  this  last  cavity :  b  is  the 
point  where  the  biliary  duct  enters. 

In  the  Cephalopoda,  the  structure  of  these 
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organs  is  very  complicated ;  for  they  are  pro- 
vided with  a  crop,  a  muscular  gizzard,  and  a 
cecum,  which  has  a  spiral  form.  In  these  aai- 
mals  we  also  discover  tlie  rudiment  of  another 
auxiliary  organ,  namely,  the  Pancreas,  which 
secretes  a  fluid  contributing  to  the  assimilation 
<tf  the  food.  This  oi^n  becomes  more  and  more 
developed  as  we  ascend  in  the  scale  of  animals, 
assuming  a  glandular  character,  and  secreting 
a  watery  fluid,  which  resembles  the  saliva,  both 
in  its  sensible  and  chemical  properties.  It  has 
been  conjectured  that  many  of  the  vessels, 
which  are  attached  to  the  upper  portion  of  the 
alim^itary  canal  of  insects,  and  have  been 
termed  hepatic,  may,  in  fact,  prepare  a  fluid 
having  more  of  the  qualities  of  the  pancreatic 
than  of  the  biliary  secretion. 

The  alimentary  canal  of  fishes  is  in  general 
characterised  by  being  short ;  and  the  con- 
tinuity of  the  stomach  with  the  intestines  is  often 
such  as  to  offer  no  well  marked  line  of  distinc- 
tion between  them.  The  ceeca  are  generally 
large  and  numerous ;  and  a  number  of  tubular 
organs,  connected  more  especially  with  the 
pylorus,  and  called  therefore  the  pyloric  appen- 
dices, are  frequently  met  with,  resembling  a 
cluster  of  worms,  and  having  some  analt^y,  in 
situation  at  least,  to  the  hepatic  or  pancreatic 
vessels  of  insects.     Their  appearance  in  the 
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5a/moN  is  represented  at  p,  in  Fig.  331.  Thepati' 
creas  itself  is  only  met  with,  in 
this  class  of  aoimala,  in  the  order 
of  cartilaginous  fishes,  and  more 
especially  in  the  Ray  and  the 
Shark  tribes.  A  distinct  gall- 
bladder, or  reservoir,  is  also  met 
with  in  some  kinds  of  fish,  but  is 
by  no  means  general  in  that  class. 
In  the  classes  both  of  Fishes  and  of  Reptiles, 
which  are  cold-blooded  animals,  the  processes 
of  digestion  are  conducted  more  slowly  than  in 
the  more  enei^etic  systems  of  Birds  and  of 
Mammalia ;  and  the  comparative  length  of  the 
canal  is,  on  the  whole,  greater  in  the  former  than 
in  the  latter :  but  the  chief  differences  in  this 
respect  depend  on  the  kind  of  food  which  is 
fK>n8umed,  the  canal  being  always  shortest  in 
those  tribes  that  are  most  carnivorous.*  As  the 
Frc^,  in  the  different  stages  of  its  growth,  lives 
upon  totally  different  kinds  of  food,  so  we  find 
that  the  structure  of  its  alimentary  canal,  like 
that  of  the  moth,  undergoes  a  material  change 
during  these  metamorphoses.  The  intestinal 
c»nal  of  the  tadpole  is  of  great  length,  and  is 
collected  into  a  large  rounded  mass,  composed 
c^  a  great  number  of  coils,  which  may  easily  be 
distinguished,  by  the  aid  of  a  magnifying  glass, 
through  the  transparent  skin.  During  its  gra- 
*  See  Home,  Lectures,  &c.  I.  401. 


t:  Go  Ogle 


DIGESTIVE  ORGANS  OF  MAMMALIA.  233 

dual  Iransformation  into  a  fn^,  this  canal  be- 
comes much  reduced  in  its  length ;  so  that  when 
the  animal  has  attained  its  perfect  form,  it 
makes  but  a  single  convolution  in  the  abdominal 
cavity. 

A  similar  correspondence  exists  between  the 
length  of  the  canal,  and  the  nature  of  the  food 
in  Uie  class  of  Birds.  At  the  termination  of  the 
small  intestine  there  are  usually  found  two  caeca, 
which  in  the  gallinaceous  and  the  aquatic  fowls, 
are  of  great  length ;  those  of  the  ostrich  contain 
in  their  interior  a  spiral  valve.  Sir  E.  Home  is 
of  opinion  that  in  these  animals  the  fiinctions 
of  the  pyloric  portion  of  the  stomach  are  per- 
formed by  the  upper  part  of  the  intestine. 

In  the  intestines  of  the  Mammalia  contrivances 
are  employed  with  the  apparent  intention  of 
preventing  their  contents  from  passing  along  too 
hastily :  these  contrivances  are  most  effectual  in 
animals  whose  food  is  v^etafale,  and  contains 
little  nourishment,  so  that  the  whole  of  what  the 
food  ia  capable  of  yielding  is  extracted  from 
them.  Sir  £.  Home  obs^res  that  die  coltsi,  or 
large  intestine  of  animals  which  live  upon  the 
same  species  of  food,  is  of  greater  length  in 
proportion  to  the  scantiness  of  the  supply.  Thus 
the  length  of  the  colon  of  the  Elephant,  which 
inhabits  the  fertile  woods  of  Asia,  is  only  26i 
feet ;  while  in  the  Dromedary,  which  dwells  in 
the  arid  deserts  of  Arabia,  it  is  42.     This  con- 
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trast  is  still  more  strongly  marked  in  binis. 
The  Cassowary  of  Jara,  which  lives  amidst  a 
most  luxuriant  supply  of  food,  has  a  colon  of  one 
foot  in  length,  and  two  ceeca,  each  of  which  is 
six  inches  long,  and  one  quarter  of  an  inch  in 
diameter.  The  African  ostrich,  on  the  other 
hand,  which  inhabits  a  country  where  the  supply 
of  food  is  very  scanty,  has  the  colon  forty-five 
feet  long;  each  of  the  ceeca  is  two  feet  nine 
inches  in  length,  and,  at  the  widest  part,  three 
inches  in  diameter;  in  addition  to  which  there 
are  broad  valves  in  the  interior  of  both  these 
cavities.* 

On  comparing  the  structure  of  the  digestive 
organs  of  Man  with  those  of  other  animals 
belonging  to  the  class  Mammalia,  we  find  them 
holding  a  place  in  the  series  intermediate  b^ 
tween  those  of  the  purely  carnivorous,  and  ex- 
clusively herbivorous  tribes ;  and  in  some  mea- 
sure uniting  the  characters  of  both.  The  powers 
of  the  human  stomach  do  not,  indeed,  extend  to 
the  digestion  either  of  the  tough  woody  filn'es  of 
vegetables  on  the  one  hand,  or  the  compact 
texture  of  bones  on  the  other ;  but  still  they  are 
cc»npetent  to  extract  nourishment  from  a  wider 

*  Lectures,  &c.  I.  470.  In  the  accoant  above  giJven  of  tbe 
digetU?e  organs'  I  have  purposely  omitted  all  mention  of  the 
spleen;  becaute,  although  it  is  probably  in  some  way  related  to 
digestion,  the  exact  nature  of  iu  functions  has  not  yet  been 
detennined  with  any  certainty. 
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range  of  alimentary  substances,  than  the  diges- 
tive oi^ns  of  almost  any  other  animal.  This 
adaptation  to  a  greater  variety  of  food  may  also 
be  inferred  from  the  form  and  disposition  of 
the  teeth,  which  combine  those  of  different  kinds 
more  completely  than  in  most  mammalia,  ex- 
cepting, perhaps,  the  Quadrumana,  in  which, 
howeTer,  the  teeth  do  not  form,  as  in  man,  an 
vuintemipted  series  in  both  jaws.  In  addition 
to  these  peculiarities  we  may  also  here  observe 
that  the  sense  of  taste,  in  the  human  species' 
appears  to  be  affected  by  a  greater  variety  of 
objects  than  in  the  other  races  of  animals.  All 
^ese  are  concurring  indications  that  nature,  in 
thus  rendering  man  omnivorous,  intended  to  qua- 
lify him  for  maintaining  life  wherever  he  could 
procure  the  materials  of  subsistence,  whatever 
might  be  their  nature,  whether  animal  or  vege- 
table, of  a  mixture  of  both,  and  in  whatever  soU  or 
climate  they  may  be  produced ;  and  for  endow- 
ing him  with  the  power  of  spreading  his  race, 
and  extending  his  dominion  over  every  acces- 
eibte  region  of  the  globe.  Thus,  then,  from  the 
consideration  of  the  peculiar  structure  of  the 
vital,  as  well  as  the  mechanical  organs  of  his 
frame,  may  be  derived  additional  proofs  of  their 
being  constructed  with  reference  to  faculties  of  a 
higher  and  more  extensive  range  than  those  of 
any,  even  the  most  favoured  species  of  the  brute 
creation. 
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The  Chyle,  of  which  we  have  now  traced  the 
formation,  is  a  fluid  of  unifonu  consistence, 
perfectly  bland  and  unimtating  in  its  properties, 
the  elements  of  which  have  been  brought  into 
that  precise  state  of  chemical  composition  which 
renders  them  fit  to  be  distributed  to  every 
part  of  the  syst^n  for  the  purposes  of  nou- 
lishment.  In  all  the  lower  oideis  of  animals 
it  is  transparent;  but  the  chyle  of  mammalia 
odea  contains  a  multitude  of  globules,  which 
give  it  a  white  colour,  like  milk.  Its  chemical 
composition  appears  to  be  very  analogous  to 
that  of  the  blood  into  which  it  is  aflerwarda  con- 
verted. From  some  experiments  made  by  my 
late  much  valued  friend  Dr.  Marcet,  it  appears 
that  the  chyle  of  d<^.  fed  on  animal  food  alone, 
is  alwa^  milky,  whereas  in  the  same  animals, 
when  they  are  limited  to  a  vegetable  diet,  it  is 
nearly  transparent  and  colouriese.* 

The  chyle  is  absorbed  from  the  miier  suifece 
of  the  intestines  hy  the  iMcteala,  which  c<mimence 

*  Medico-Chirurgical  Traniactiona ;  vi.  630. 
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by  Very  minute  cnifices,  in  incaloulable  numbers, 
and  unite  successively  into  larger  and  larger 
vessels,  till  they  form  trui^  of  considerable  size. 
They  pass  betwewi  the  folds  of  a  very  fine  and 
delicate  m«abrane,  called  the  mesentenf,  which 
coDinects  the  intestines  to  the  spme,  and  which 
appears  to  be  int^-posed  in  order  to  allow  them 
that  de^ee  of  freedom  of  ^motion^  which  is  so 
necessary  to  the  proper  performance  of  their 
functions.  In  the  ntesentery,  the  lacteals  pass 
through  several  glandular  bodies,  termed  the 
mesenteritt  glands,  where  it  is  probable  that  the 
chyle  undergoes  some  modification,  preparatory 
to  its  conversion  into  blood. 

The  mesenteric  glands  of  the  Whale' contain 
lai^e  spherical  cavities^  into  which  the  trunks 
of  the  lacteals  open,  and  where  the  chyle  is 
probably  blended  with  secretions  proper  to  those 
cavities ;  but  no  similar  structure  can  be  de- 
tected in  terrestrial  mammalia. 

It  is  only  among  the  Veitebrata  that  lacteal 
vessds  are  met  wHh,  Those  of  F^es  are  simple 
tubes,  either  wholly  without  valves,  or  if  there 
be  any,  they  are  in  a  nidimental  state,  and 
not  snfficiratly  extended  to  prevent  the  Iree 
passage  of  their  fluid  contents  in  a  retrograde 
direction.  The  lacteals  of  the  Turtle  ai*  lai^er 
and  more  distinct  than  those  of  fi^es,  but  their 
valves  are  still  imperfect,  though  they  present 
some  obstruction  to  descending  fluids.    In  Birds 
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and  in  Mammalia  these  valves  are  perfectly 
effectual,  and  are  exceedingly  numerous,  giving 
to  the  lacteals,  when  distended  with  fluid,  the 
appearance  of  strings  of  beads.  The  effect  of 
these  flood-gates,  placed  at  such  short  intervals, 
is  that  every  external  pressure  made  upon  the 
tube,  assists  in  the  propulsion  of  the  fluid  in  the 
direction  in  which  it  is  intended  to  move.  Hence 
it  is  easy  to  understand  how  exercise  must  tend 
to  promote  the  transmissiim  of  the  chyle.  The 
glands  are  more  numerous  and  concentrated  in 
the  Mammalia,  than  in  any  other  class. 

From  the  mesenteric  glands  the  chyle  is  con- 
ducted, by  the  continuation  of  the  lacteals,  into 
a  reservoir,  which  is  termed  the  receptacle  of  the 
chyle:  whence  it  ascends  through  the  tkoracie 
duct,*  which  passes  along  the  side  of  the  spine, 
in  a  situation  affording  the  best  possible  pro- 
tection from  injury  or  compression,  and  opens  into 
the  great  veins  leading  directly  into  the  heart. 

In  invertebrated  animals  having  a  circulatory 
system  of  vessels,  the  absorption  of  the  chyle  is 
performed  by  veins  instead  of  lacteal  vessels. 

The  sangui6cation  of  the  chyle,  or  its  c<Hiver- 
sion  into  blood,  takes  place  during  the  course 
of  the  circulation,  and  is  principally  effected  by 
the  action  of  atmospheric  air  in  certain  organs, 
hereafter  to  be  described,  where  that  action,  or 

*  Tbii  duct  is  occasionally  double. 
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'aeration,  as  it  may  be  termed,  in  common  with 
an  anal<^ou8  process  in  vegetables,  takes  place. 
In  all  Tertebrated  animals  the  blood  has  a  red 
colour,  and  it  is  also  red  in  most  of  the  Anne- 
lida ;  but  in  bH  other  inrertebrated  animals,  it 
ie  either  white  or  colourless.*  We  shall,  for  the 
present,  then,  consider  it  as  having  undei^ne 
this  change,  and  proceed  to  notice  the  means 
employed  for  its  distribution  and  circulation 
throughout  the  Systran. 


Circulation. 

^  1 .  Diffvxed  CircvJatum. 

Animal  life,  implying  mutual  actions  and  re- 
actions between  the  solids  and  fluids  of  the  body, 
requires  for  its  maintenance  the  perpetual  trans- 
fer of  nutritive  juices  from  one  part  to  another, 
-corresponding  in  its  activity  to  the  extent  of  the 
changes  which  are  continually  taking  place  in 
the  o^;anized  system.      For  this  purpose  we 


*  Vauquelin  has  observed  that  chyle  ku  often  a  red  thige  ii 
animais. 
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almost  constantly  &id  that  a  ciiculatory  motiim 
of  the  nutrient  fiuida  is  eatabli^iecL ;  And  the 
function  which  conducts  and  leguli^es  their 
morements  is  emi^aticaUy.dencHninated  'Ae  ^CtV- 
eulatwn.  Several  'ol^tft  of  gn^t  importance 
are  answeriodby  this  ibaction ;  for^  in  iht  firat 
place,  it  is  through  the  clAiulatipn  th^t  every 
organ  is  suppUed  with  the  nutritive  i^urUcles 
necessary  for  its  klevelc^ement,  its  growth,  and 
the  maintenance  of  its  healthy  ctAdition;  and 
that  the  glands,  in  particidar,  as  well  as  the  other 
secreting  organs,  are  furnished  with  the  materials 
they  require  for  the  elaboration  of  the  products, 
which  it  is  their  peculiar  office  to  prepare.  A 
second  essential  object  of  the  circulation,  is  to 
transmit  the  nutritive  juices  to  certain  organs, 
where  they  are  to  be  subjected  to  the  salutary  in- 
fluence of  the  oxygen  of  the  atmosphere ;  a  pro- 
cess, which  in  all  warin-^blooded  cmimals,  com- 
bined with  the  rapid  and  extenrave  distribution 
of  the  blood,  difluses  and  maintains  throughout 
the  system  the  lugh  temperature  required  by  the 
greater  '  eneigy  of  their  functions.  Hence  it 
necessarily  follows  that  the  particular  mode  in 
which  tbe  circulation  is  conducted  in  each  re- 
spective ^ribe,  m'ost  infltiettce  every  other  func- 
tion of  the  economy,  and  must,  th^fefore,  consti- 
tute an  essential  dement  in  determining  the 
physiok^ical  condition  of  the  animal.  We  find, 
accordingly,    that     among    the    characteib    on 
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which  gyatematic  zoolc^isto  hare  founded  their 
great  divi»oD8  of  the  animal  kingdom,  the  ut- 
most importance  is  attached  to  those  derived 
from  diffisrences  <^  structure  in  the  organs  of  cir- 
culation. 

A  comprehensiTe  survey  of  the  different  classes 
of  animals  with  refer^ice  to  this  function,  enables 
us  to  discern  the  existence  of  a  regular  gradation 
of  organs,  increasing  in  complexity  as  we  ascend 
from  the  lower  to  the  higher  orders ;  and  showing 
^at  here,  as  in  other  departments  of  the  economy 
of  nature,  no  change  is  made  abruptly,  but 
always  by  slow  and  successive  steps.  In  the 
very  lowest  tiibes  of  Zoophytes,  the  modes  by 
which  nutrition  is  accomplished  can  scarcely  be 
perceived  to  differ  from  those  adopted  in  the  ve- 
getable kingdom,  where,  as  we  have  already 
seen,  the  nutritive  flnids,  instead  of  being  con- 
fined in  vessels,  appear  to  permeate  the  cellular 
tissue,  and  Uius  immediately  supply  thestdids 
with  the  materials  they  require ;  for,  in  the 
simpler  kinds  of  Polypi,  of  Infusoria,  of  MedusEe* 
and  of  Entozoa,  the  nourishment  which  has  been 
prepared  by  the  digestive  cavi^es  is  apparently 
imbibed  by  the  solids,  after  having. transuded 
through  the  sides  of  these  organs,  and  without  its 
being  previously  collected  into  other,  and  more 
general  cavities.  This  mode  of  nutrition,  suited 
<mly  to  the  torpid  and  half  vegetative  nature  of 
zoophytes,  has  been  denominated  n&uriskment  by 
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imbibition,  in  contradiatinction  to  that  by  circu- 
lation;  a  term,  which,  as  we  have  seen,  implies, 
not  merely  a  system  of  canals,  such  as  those  ex- 
isting in  Medusee,  where  there  is  no  evidence  of 
the  fluids  really  circulating,  but  an  arraogement 
of  ramified  vessels,  composed  of  membranous 
coats,  through  which  the  nutrient  fluid  moves  in 
a  continued  circuit. 

The  distinction  which  has  thus  been  drawn, 
however,  is  one  on  which  we  should  be  careful 
not  to  place  undue  reliance,  for  it  is  founded, 
perhaps,  more  on  our  imperfect  means  of  investi- 
gation, than  on  any  real  difTerences  in  the  proce- 
dures of  nature  relative  to  this  function.  When 
the  juices,  either  of  plants  or  of  animals  are  trans- 
parent, their  motions  are  imperceptible  to  the  eye, 
and  can  be  judged  of  only  by  other  kinds  of  evi- 
dence ;  but  when  they  contain  globules,  diflering 
in  their  density  from  that  of  the  fluid,  and  there- 
fore capable  of  reflecting  light,  as  is  the  case 
with  the  sap  of  the  Chara  and  Caulinia,  we  have 
ocular  proof  of  the  existence  of  currents,  which, 
as  long  as  the  plant  is  living  and  in  health,  pur- 
sue  a  constant  course,  revolving  in  a  regular  and 
defined  circuit ;  and  all  plants  which  have  milky 
juices  exhibit  this  phenomenon.  Although  the 
extent  of  each  of  these  vegetable  currents  is  very 
limited,  compared  with  the  entire  plant,  it  still 
presents  an  example  of  the  tendency  which  the 
uutrient  fluids  of  oi^anized.  structures  have  to 
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"move  in  a  circuit,  even  when  not  confined  within 
yessels  or  narrow  channels ;  for  this  movement  oi 
rotation,  or  ctfclosis,  as  it  has  heen  termed,*  what- 
ever may  be  its  cause,  appears  always  to  hare  a 
definite  direction.  The  current  returns  into 
itself,  and  continues  without  intermission,  in  a 
manner  much  resemhling  the  rotatory  movemente 
occasionally  produced  in  fluids  by  electro-mag- 
netism.f 

Movements,  very  similar  in  their  appearance 
and  character  to  those  of  v^etable  cyclosis, 
have  been  recently  discovered  in  a  great 
number  of  polypiferous  Zoophytes,  by  Mr. 
Lister,  who  has  communicated  his  observa- 
tions in  a  paper  which  was  lately  read  to  the 
Royal  Society,  and  of  which  the  following  are 
the  principal  results.  In  a  specimen  of  the 
Tubularia  ittdivisa,  when  magnified  one  hundred 
times,  a  current  of  particles  was  seen  within  the 
tubular  stem  of  the  polype,  strikingly  resem- 
Uing,  in  the  steadiness  and  continuity  of  its 
stream,  the  vegetable  circulation  in  the  Chara. 
Its  general  course  was  parallel  to  the  slightly 
spiral  lines  of  irregular  spots  on  the  surface  of 
the  tube,  ascending  on  the  one  side,  and  de- 

*  See  pages  49  and  50of  thia  volume. 

t  So  great  is  this  resemblance,  that  it  has  led  several  physiolo- 
gists to  ascribe  these  movements  to  the  agency  of  electricity ;  but 
there  does  not,  as  yet,  appear  to  be  any  substantial  foundation  for 
this  hypothesis. 
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scending  om  the  other;  each  of  the  opposite 
currents  occupying;  one-half  of  the  circumfer- 
ence  of  the  cylindric  cavity.  At  the  knots,  or 
contracted  parts  of  the  tube,  flight  eddies  were 
noticed  in  the  currents ;  and  at  each  end  of  the 
tube  the.  particles  were  seen  to  turn  round,  and 
pass  over  to  the  other  side.  In  various  species 
of  Sertulariee  the  ^ream  does  not  flow  in  the 
same  constant  direction ;  but,  after  a  time,  its 
velocity  is  retarded,  and  it  then  either  stops,  or 
exhibits  irr^ular  eddies,  {ffcvions  to  its  return  in 
an  <^posite  course ;  aitd  so  on  alteroately,  like 
the  ebb  and  flow  of  the  tide.  If  the  currents  be 
designedly  obstructed  in  any  part  of  the  stem, 
those  in  the  branches  go  cm  without  interruption, 
and  independently  of  the  rest.  The  most  i^ 
markable  circumstance  attending  these  streanu 
of  fluid  is  that  they  appear  to  traverse  the  cavity 
of  the  stomach  itself^  flowing  from  the  axis  of 
the  stem  into  that  .organ,  and  returning  into  the 
stem  without  any  viable  cause  determining  these 
movements.  .  Sisnilar  phenomena  were  observed 
by  Mr.  lister  in  ChmpoMwIaria  and  Phanulariee. 
In  some  of  the  minuter  species  of  Crustacea 
the  fluids  have  been  seen,  by  the  aid  of  the 
microscope,  moving  within  the  cavities  of  the 
body,  as  if  by  a  spontaneous  impulse,  without 
the  aid  of  a  propelling  organ,  and  apparently 
without  being  confined  in  membranous  channels, 
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or  tubes  of  any  aorl.  This  kind  of  difiused  cir- 
culation is  also  seen  in  tbe  embiyos  <tf  Tuious 
aDinmle,  at  the  earUe»t  periods  of  their  derelope- 
ment,  and beforeapy  veaatM are ibnned. 


^  2.    Vascuktr  Circulation. 

The  next  step  in  the  gradation  of  structures  con 
sists  in  the  presence  of  vessels,  within  which  the 
fluids  are  confined,  and  by  which  their  course 
and  their  velocity  ate  regulated ;  and  in  general 
these  Temela  form  a  com^rfete  circuit.  The  first 
rudiments  of  a  veacular  (»^;anizatiQn  are  those 
observed  and  described  by  THedemann,  in  the 
AsteriayWhiiAi'tae  sitiwted  higher  in  the  animal 
scale  than  Medusae;  but  whether  any  actual 
circulation  takes  place  in  the  channels  consti- 
tuted by^  these  vessels,  which  communicate  both 
with  the  cavity  (^  the  intestine,  and  with  the 
respiratory  organs,  is  not  yet  determined  with 
any  certam^;  '  Thfr  MohtAutia,  which  also 
belong  to  the  order  of  ^chinodermata,  are  fur- 
ni^ed  with  a  compleit  apparatus  of  vessels,  of 
which  the  exact  fonctiooa  are  still  unknown. 
In  those  spedes.ttf  E^tosoa  which  exhibit  a 
vascular  structure,  the  canals  appear  rather  to 
be  ramifications  of  the  intestinal  tube,  than 
proper  vessels,  for  no  distinct  circulation  can  be 


oy  Go  ogle 


236  THE  VITAL  FUNCTIONS. 

traced  in  them :  an  organization  of  this  kind  has 
already  been  noticed  in  TtenitB.* 

It  was,  till  very  lately,  the  prevailing  opinion 
among  naturalists  that  all  true  insects  are  nou- 
rished by  imbibition,  and  that  there  exists  in 
their  system  no  real  vascular  circulation  of 
juices.  In  all  the  animals  belonging  to  this 
class,  and  in  every  stage  of  their  developement, 
there  is  found  a  tubular  oigan,  called  the  dorsal 
vessel,  extending  the  whole  length  of  the  back, 
and  neariy  of  uniform  diameter,  except  where  it 
tapers  at  the  two  ends.  It  contains  a  fluid, 
which  appears  to  be  undulated  backwards  and 
forwards,  by  means  of  contractions  and  dilata- 
tions, occurring  in  succession  in  different  parts 
of  the  tube;  and  it  is  also  connected  with 
transverse  ligamentary  bands,  apparently  con- 
taining muscular  fibres,  capable  by  their  action 
of  producing,  or  at  least  of  influencing  these  pul- 
satory movements.  An  enlaced  representation 
of  the  dorsal  vessel  of  the  Melolontha  vulgaris, 
or  common  cockchaffer,  isolated  from  its  attach- 
m^ifs,  is  given  in  Fig.  333,  showing  the  seri^ 
of  dilatations  (v,  v,  v)  which  it  usually  presents 
in  its  course ;  and  in  Fig.  334  the  same  vessel  is 
exhibited  in  connexion  with  the  ligamentary  and 

•  P^je  83,  in  tbii  volume ;  Fig.  247-  The  family  of  Pla- 
naria  present  exceptioiu  to  this  general  rule  :  for  many  specie! 
pouess  a  system  of  circulating  vessels.  Se«  Dugis,  Annalw 
des  Sciences  Naturelles;   xv,  161. 
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Diascular  apparatus    which   surrounds  it,   seen 
from  the  lower  side.     In  the  last  of  these  figures, 


A  is  the  tapering  prolongation  of  the  tube,  pro- 
ceeding towards  the  head  of  the  insect ;  v,  one  of 
the  dilated  portions,  or  ventricles,  as  they  hare 
been  called,  of  the  dorsal  part  of  the  tube ;  f,  one 
of  the  small  tendinous  folds,  to  which  the  liga- 
mentary  bands  are  attached ;  and  l  is  one  of 
these  bands,  having  a  triangular,  or,  if  considered 
as  continuous  with  that  on  the  other  side  of  the 
vessel,  a  rhomboidal  shape,  and  attached  at  k, 
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to  the  supeiior  s^menta  of  Hxe  abdomen.  At  t 
is  seen  a  layer  of  the  same  ^Wes,  which  are 
partly  ligamentous  and  partly  muscular,  passing 
underneath  the  dorsal  vessel,  and  forming,  in 
conjunction  with  the  layer  that  passes  above  it, 
a  sheath,  which  embraces  and  fixes  that  vessel 
in  its  place:  these  inferior  layers  have  been 
removed  from  the  other  parts  of  the  vessel,  to 
allow  the  upper  layers  to  be  seen,  as  is  the  case 
at  L.  Fig.  335  gives  a  side  view  of  the  anterior 
extremity  of  the  same  vessel,  showing  the  curve 
(a)  which  it  describes  as  it  bends  downwards  in 
its  course  towards  the  he^. 

The  function  performed  by  the  dorsal  vessel, 
which,  judging  from  the  universal  presence  of 
this  organ  in  insects,  must  be  one  of  great  im- 
portance in  their  economy,  was  long  a  profound 
mystery.  Its  analogy  in  structure  and  position 
to  the  dorsal  vesads  of  the  Arachnida  and  the 
Annelida,  where  it  evidently  communicatra  with 
channels  of  circulation,  and  exhibits  movements 
of  pulsaticm  resembling  those  *of  iusecte,  was 
a  strong  ailment  in  favour  of  ihe  opimion  that 
it  is  the  prime  mover  of  a  similar  kind  of  cireu- 
latioa  ;  but  then,  again,  this  hypothesis  ap- 
peared to  be  overturned  by  the  feet  that  no 
vessels  of  any  kind  could  be  seen  extending 
from  it  in  any  direction ;  nor  could  any  channels 
for  the  transmission  of  a  circulating  fluid  be 
detected  in  any  part  of  the  body.   Those  organs. 
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which,  in  animals  apparently  of  an  inferior  rank, 
are  most  vascular,  such  as  the  stomach,  the 
intestinal  tube,  the  eye,  and  other  t^paratus 
of  the  senses,  seemed  to  be  constructed,  and 
to  be  nourished,  by  means  totally  difiererat  from 
those  adopted  in  the  ibrmer  animals.  Although 
extremely  minute  ramifications  of  air  tubes  are 
every  where  visible  in  the  interior  of  insects, 
yet,  neither  Cuvier,  nor  any  other  anatomist, 
could  succeed,  by  the  closest  scrutiny,  in  de- 
tecting the  least  trace  of  blood  vessels;  and  the 
presumption,  therefore,  was,  that  none  existed. 

But  it  still  remained  a  question,  if  the  dorsal 
vessel  be  not  subservient  to  circulatuin,  what 
is  its  real  function?  Marcel  des  Serres,  who 
bestowed  great  pains  in  investigating  this  sub- 
ject, came  to  the  conclusion  that  its  use  is  to 
s«;rete  the  fatty  matter,  which  is  generally 
found  in  great  abundance  in  the  abdominal 
cavity,  and  which  is  accumulated  particularly 
around  the  dorsal  vessel.*  A  more  attentive 
examination  of  the  structure  of  the  vessel  itself 
brought  to  light  a  valvular  apparatus,  of  which 
the  only  conceivable  purpose  is  tibat  of  deter- 
minmg  the  motion  of  the  contained  fluid  in  one 
constant  course ;  a  purpose  necessarily  incom- 
patible with  its  supposed  alternate  undulation 

*  See  hit  various  papers  in  the  Mimoires  dn  Musinin  d'  Hist. 
Nat. ;  torn  iv.  and  t. 
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in  Opposite  directions,  from  one  end  of  the 
tiibe  to  the  other.  These  valves  are  exhibited  in 
Fig.  336,  in  a  still  more  magnified  view  of  a 
longitudinal  section  of  the  dorsal  vessel,  showing 
the  semicircular  folds  (s,  s)  of  its  inner  mem- 
brane, which  perform  the  fimction  of  valves  by 
closing  the  passage  against  any  retrograde  mo- 
tion of  the  fluid.  This  discovery  of  valves  in 
the  dorsal  vessel,  again  made  the  balance  oS 
probability  incUne  towards  the  opinion  that  it 
is  the  agent  of  some  kind  of  circulation. 

All  doubt  as  to  the  reality  of  a  circulation  in 
insects  is  now  dispelled  by  the  brilliant  dis- 
coveries of  Professor  Cams,  who,  in  the  year 
1824,  first  observed  this  phenomenon  in  the 
larva  of  the  Agrion  puella.  In  the  transparent 
parts  of  this  insect,  as  well  as  of  many  others, 
numerous  streams  of  fluid,  rendered  manifest 
by  the  motions  of  the  globules  they  contain, 
are  seen  meandering  in  the  spaces  which  inter- 
vene between  the  layers  of  the  integum^it, 
but  without  appearing  to  he  confined  within 
any  regular  vessels.  The  streams  on  the  sides 
of  the  body  all  pass  in  a  direction  Ifackwards 
from  the  head,  till  they  reach  the  neighbourhood 
of  the  posterior  end  of  the  dorsal  vessel,  towards 
which  they  all  converge  ;  they  are  then  seen  to 
enter  that  vessel,  and  to  be  propelled  by  its  pul- 
sations towards  its  anterior  extremity,  where  they 
again  issue  from  it,  and  are  subsequently  divided 
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into  the  scattered  atreams,  which  descend  along 
the  sides  of  the  body,  and  which,  after  having 
thus  completed  their  circuit,  return  into  the  pul- 
sating dorsal  vessel. 

This  mixed  kind  of  circulation,  partly  diffused 
and  partly  vascular,  is  beautifully  seen  in  the 
larva  of  the  Ephemera  marginata*  where,  be- 
sides the  main  current,  which,  after  being  dis- 
chai^;ed  from  the  anterior  extremity  of  the  dorsal 
Teasel,  descends  in  a  wide  spreading  stream 
on  each  side  and  beneath  that  vessel,  another 
portion  of  the  blood  is  conveyed  by  two  lateral 
trunks,  which  pass  down  each  side  of  the  body, 
in  a  serpentine  course,  and  ccmvey  it  into  the 
lower  extremity  of  the  dorsal  vessel,  with  which 
they  are  continuous.  These  are  decidedly  ves- 
sels, and  not  portions  of  the  great  abdominal 
cavi^,  for  their  boundaries  are  cleaiiy  defined  ; 
yet  they  allow  the  blood  contained  in  them 
to  escape  into  that  cavity,  and  mix  with  the 
portion  previously  diffused.  All  these  wandering 
streams  sooner  or  later  find  their  way  into  the 
dorsal  vessel,  being  absorbed  by  it  at  various 
points  of  its  course,  where  its  membranous  co^ 
is  reflected  inwards  to  form  the  valres.    In  the 

*  This  insect  is  figured  and  described  in  Dr.  Goring  and 
Mr.  Pritchaid's  "  Microscopic  lliustratioDS,"  and  its  circulation 
is  very  fully  detailed,  and  illustrated  by  an  engraving  on  a  large 
scale,  by  Mr.  Bowerbank,  in  the  Entomological  Magazine,  i,  239 ; 
plate  ii. 
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legs,  the  tail,  and  the  antennae,  the  circulatitm  is 
carried  on  by  means  of  vessds,  which  are  con- 
tinuous vith  the  lateral  vessels  of  the  body, 
branching  off  from  them  in  the  form  of  loops, 
ascending  on  one  side,  and  then  turning  back  to 
form  the  descending  vessel,  so  that  the  currents 
in  each  move  in  contrary  directions.     Fig.  337 


represents  the  appearance  of  these  parallel  ves- 
sels in  one  of  the  antennfe  of  the  Semblis  viridis, 
magnified  thirty  times  its  natural  size.  The 
whole  system  of  circulating  vessels  in  that  in- 
sect, of  which  the  former  is  only  a  detached 
part,  is  shown  in  Fig.  3.18,  where  tlie  course 
of  the  blood  is  indicated  by  arrows ;  a,  repre- 
senting the  currents  in  the  antennae  ;  w,  those  in 
the  rudimental  wings ;  and  t,  those  in  the  tail ; 
in  all  which  parts  the  vessels  form  loops,  derived 
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from  the  main  vessels  of  the  trunk.  In  some 
larree  the  vascular  loops,  conveying  these  coUa- 
teral  streams,  pass  only  for  a  certain  distance 
into  the  legs;  sometimes,  indeed,  they  proceed 
no  farther  than  the  haunches.  The  currents  of 
blood  in  these  vessels  have  not  a  uniform  velo- 
city, being  accelerated  by  the  impulsions  they 
receive  from  the  contractioos  of  the  dorsal 
vessel,  which  appears  to  be  the  prime  agent  in 
their  motion. 

As  the  insect  advances  to  maturity,  and  passes 
through  its  metamorphoses,  considerable  changes 
are  observed  to  take  place  in  the  organization  of 
the  circulating  system,  and  in  the  energy  of  the 
function  it  performs.  The  vessels  in  the  extreme 
parts,  as  in  the  tail,  are  gradually  obliterated, 
and  the  circulation  in  them,  of  course,  ceases,  the 
blood  appearing  to  retire  into  the  more  internal 
parts.  In  the  wings,  on  the  other  hand,  where 
the  developement  proceeds  rapidly,  the  circula- 
tion becomes  more  active;  and  even  ailer  they 
have  attained  their  full  size,  and  are  yet  in  a 
soft  state,  the  motion  of  the  blood  in  the  centre 
of  all  the  nervures  is  distinctiy  visible:*  but 
afterwards,  as  the  wings  become  dry,  it  ceases 
there  also,  and  is  then  confined  to  the  vessels 


•  These  cunents  io  the  wing  of  the  Semblis  bilineata  have 
been  described  and  delineated  by  Carus,  iti  the  Acta  Acad.  C«C9. 
Leop.  Carol.  Nat.  Cur.  vol.  xv.  part  ii.  p.  9. 
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of  the  trunk.  In  proportion  as  the  insect  ap- 
proaches to  the  completion  of  its  developement* 
these  latter  vessels  also,  one  after  the  other,  shrink 
and  disappear,  till  at  length  nothing  which  had 
once  appertained  to  this  system  remains  visible, 
except  the  dorsal  vessel.  But  as  we  observe 
this  vessel  still  continuing  its  pulsatory  move- 
ments, we  may  fairly  infer  that  they  are  designed 
to  maintain  some  degree  of  obscure  and  imperfect 
circulation  of  the  nutrient  juices,  through  vessels, 
which  may,  in  their  contracted  state,  correspond- 
ing to  the  diminished  demands  of  the  system,  have 
generally  escaped  detection.  In  confirmation  of 
these  views  it  may  he  stated,  that  several  ob- 
servers have,  at  length,  succeeded  in  tracing 
minute  branches,  proceeding  in  different  direc- 
tions, from  the  dorsal  vessel,  and  distributed 
to  various  organs.  The  division  of  the  anterior 
part  of  the  dorsal  vessel  into  descending  branches 
was  noticed  by  Comparetti.  Dug^  has  observed 
a  similar  division  of  this  vessel  in  the  corselet  of 
several  species  of  Phaiejue,  and  farther  ramifica- 
tions in  that  of  the  Gryllns  lineola:  and  Audouln 
has  traced  them  in  many  of  the  Hymenoptera.* 

*  Annales  des  Sdences  NatureUe»,  iv,  308. 

The  figures  which  follow  (from  339  to  345)  are  represen- 
tations, of  the  natural  uze,  of  the  dorsal  vessel  of  the  Sphinx 
ligustri,  or  Privet  Hawk -moth,  which  has  been  dissected  in  its 
three  different  atages,  with  great  care,  by  Mr.  Newport,  from 
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The  tUscovery  of  the  circulation  in  insects,  and 
of  its  varying  energy   at   different  periods  of 


whose  drawing  these  Ggurea  have  been  engraved,  and  to  whom 
1  &m  indebted  also  for  the  description  which  follows  :— 

The  doraal  vessel  of  this  insect  is  an  elongated  and  gradually 
tapering  vessel,  extending  from  the  hinder  part  of  the  atxlomen, 
along  the  back,  towards  the  head ;  and  furnished  wi^  valves, 

339 


^^fffm*^^ 
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which  correspond  very  nearly  in  their  situation  to  the  incisions  of 
tiie  body.  During  the  changes  of  the  insect  from  the  larva  to  the 
imago  state',  it  tindergoes  a  slight  modification  of  form.  In 
every  state  it  may  be  distinguished  into  two  portions,  a  dorsal  and 
an  aortal.  The  dorsal  portion,  which  is  the  one  in  fthich  a  pulsa- 
tion is  chiefly  observable,  is  furaiabed  with  distinct  valves,  ig  at- 
tached along  the  dorsal  part  of  the  body  by  lateral  muscles,  and 
has  vessels  which  enter  it  laterally,  pouring  into  it  the  circulating 
fluid,  which  ia  returning  from  the  sides  and  inferior  portions  of 
the  body.  In  the  caterpillar,  this  portion  of  the  dorsal  vessel  ex- 
tends from  the  twelfth  to  the  anterior  part  of  the  fifth  segment. 
It  is  furnished  with  eight  donble  valves,  which  are  formed,  as 
Mr.  Bowerbank  has  correctly  described  diem  in  the  Ephemera 
marffinala ;  namely,  the  upper  valve  *'  by  a  reflecting  inwards 
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growth,  has  elucidated  many  obscure  points"  in 
the  physiology  of  this  important  class.     It  ex^ 

and  upwards  of  the  inoer  coat,  or  coats  of  the  artery,"  (by  which 
he  meaofl  the  doraal  vessel)  "  and  the  under  one  by  a  CDntraction 
or  projection  of  the  like  parts  of  a  portion  of  the  artery  beneath, 
BO  as  to  come  within  the  grasp  of  the  lower  part  of  the  valve 
above  it."  The  whole  vessel  is  made  up  of  three  coats,  the  two 
innermost  of  which,  the  lining,  or  serous,  and  the  muscular,  or 
principal  portion  of  the  vessel,  constitute  the  reflected  portions,  of 
valves ;  while  the  third,  or  outermost  coat,  which  is  exceedingly 
tiiin  and  delicate,  is  continued  over  the  vessel  nearly  in  a  straight 
Ime,  and  does  not  appear  at  all  to  follow  the  reflexions  of 
the  other  two.  In  the  caterpillar,  this  portion  of  the  vessel  has 
eight  pairs  of  small  suspensory  muscles,  seen  along  the  upper  side 
of  Fig.  339,  which  arise  from  the  middle  of  the  upper  surface  of 
each  valve,  and  are  ccmtinued  back  to  be  attached  over  the  middle 
of  the  next  valve :  they  seem  to  have  considerable  influence  over 
the  contractions  of  the  valves.  The  Aortal,  or  anterior  portion 
of  the  vessel,  extends  from  the  hinder  part  of  the  fourth  segment 
to  its  termination  and  division  into  vessels,  to  be  distributed  to  the 
head,  which  division  takes  place  af^  it  has  passed  the  cesopha- 
gus,  and  at  a  point  immediately  beneath  the  supra-oeaophageal 
ganglion,  or  brain  of  the  insect.  This  portion  of  tlie  vessel  is 
much  narrower  than  the  dorsal,  has  no  distinct  valves,  or  muscles; 
nor  do  any  vessels  enter  it  laterally ;  but  it  is  very  delicate  and 
transparent,  and  gradually  diminishes  in  size  from  its  commence- 
ment to  i£s  anterior  termination.  Its  course,  in  the  caterpillar, 
IB  immediately  beneath  the  integument,  along  the  fourth  and 
third  segments,  till  it  arrives  at  the  hinder  parts  of  the  second 
segment;  when  it  gradually  descends  upon  the  oesophagus,  and, 
immediately  behind  the  cerebral  ganglion,  gives  off  a  pair  of  ex- 
ceedingly minute  vessels.  It  then  passes  beneath  the  ganglion, 
and,  in  the  front  part  of  the  head,  is  divided  into  several  branches, 
as  noticed  by  Mr.  Newport  in  the  anatomical  description  he  has 
given  of  the  nerves  of  this  species  of  Sphinx  :  (Phil.  Trans.  1832, 
p.  385.)    These  branches  are  best  observed  in  the  chrysalis  (Fig. 
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plains  why  insects,  after  they  have  attained  their 
imago  state,  and  the  circulation  is  nearly  oblite- 

339) :  in  all  the  stages  they  may  be  divided  into  three  sets;  the 
first  is  given  off  immediately  after  the  vessel  has  passed  beneath 
the  ganglion,  and  consists  of  two  lateral  trunks,  the  united  capa- 
city of  which  is  eqaal  to  aboutone-thirdof  that  of  the  aorta;  they 
descend,  one  on  each  side  of  the  mouth,  and  are  each  divided 
into  three  branches.  The  second  set  consists  of  two  pairs  of 
branches,  one  going  apparently  to  the  tongue,  the  other  to  the 
antennse.  The  third  set  is  formed  by  two  branches,  which  pass 
upwards,  and  are  the  continuations  of  the  aorta;  they  divide  into 
branches,  and  are  lost  in  the  integuments,  and  structures  of  the 
anterior  part  of  the  head. 

The  pulsatory  action  of  the  dorsal  vessel  is  continued  along  its 
whole  course,  and  seems  to  terminate  at  the  division  of  the  vessel 
into  brandies.  During  the  metamorphoses  of  the  insect,  this 
vessel  becomes  considerably  shortened,  but  is  stronger,  and  more 
consolidated  in  its  structure.  Its  course  is  likewise  altered  ;  from 
having,  in  the  caterpillar  (Fig.  339)  passed  along,  nearly  in 
a  strught  line,  it  begins,  in  the  chrysalis  (Fig.  340),  to  descend 
in  the  fifth  segment,  and  to  pass  under  what  is  to  become  the  di- 
TJsion  between  the  tboraz  and  abdomen  in  the  perfect  insect.  It 
then  ascends  in  the  fourth  segment,  and  descends  again  in  the 
second,  so  that  when  the  insect  has  attained  its  perfect  form, 
{Fig.  341)  its  course  is  very  tortuous.  The  vessels  which  enter 
it  are  situated  in  the  abdomen,  and  pass  in  laterally  among  the 
muscles,  chiefly  at  the  anterior  part  of  each  segment  or  valve. 
Fig.  342  is  a  superior,  or  dorsal  view  of  the  same  vessel,  in  the 
perfect  state  of  the  insect,  which  shows  still  more  distinctly  the 
vessels  entering  it  laterally,  intermtzed  with  the  lateral  muscles. 
Fig.  343  is  a  magniBed  lateral  view  of  the  anterior  extremity  of 
the  dorsal  vessel,  conesponding  to  Fig.  341 ;  and  Fig.  344,  a 
similarly  magnified  view  of  the  same  portion  of  the  vessel  seen 
from  above,  corresponding  to  Fig.  342.  Fig.  34S  shows  the 
node  in  which  the  valves  are  formed  by  a  duplicature  of  the 
■nner  membrane  in  the  perfect  insect. 
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rated,  no  longer  iocreaae  in  size,  and  require  but 
little  nourishment  for  the  maintenance  of  life. 
This,  however,  is  a  state  not  calculated  for  so 
long  a  duration  as  tiiat  in  which  the  derelope- 
ment  is  advancing ;  and  accordingly,  the  period 
during  which  the  insect  remains  in  the  imago 
condition  is  generally  short,  compared  to  that  of 
the  larva,  where  a  large  supply  of  nutriment,  and 
a  rapid  circulation  of  the  fluids  ccHicur  in  main- 
taining the  vital  functions  in  full  activity.  Thus 
the  Ephemera,  which  lives  for  two  or  three  years 
in  the  larva  state,  generally  perishes  in  the  course 
of  a  few  hours  after  it  has  acquired  wings,  and 
reached  its  perfect  state  of  maturity. 

In  proportion  as  the  changes  of  form  which 
the  insect  undergoes  are  less  considerable,  the 
evidences  of  a  circulation  become  more  distinct. 
Such  is  the  case  in  many  of  the  Apterous  In- 
sects, composing  the  family  of  Myriapoda:  in 
the  Scolopeadra  morsttans  (Linn.),  for  instance, 
Ihig^s  observed  the  dorsal  vessel  dividing  into 
three  large  branches. 

Most  of  the  tribes  belonging  to  the  class  of 
Arachnida  have  likewise  a  dorsal  vessel  very 
analogous  in  ita  structure  and  situation  to  that  of 
insects ;  and  as  none  of  them  undergo  any  meta- 
morphosis, their  vascular  s)rstem  admits  of  being 
considerably  developed,  and  becomes  a  per- 
manent part  of  the  organization.  Fig.  346 
shows  the  dorsal  vessel  of  the  Aranea  domes- 
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tica,  or  house  spider,  with  some  of  the  arte- 
rial trunks  arising  from  it,  lying 
imbedded  in  a  thick  mass  of 
substance,  having  a  similar  oily 
character  to  that  which  is  con- 
tained in  large  quantities  in 
the  principal  cavities  of  insects- 
It  is,  in  general,  diflBcult  to  ob- 
tain a  view  of  the  circulation  in 
the  living  spider,  on  account  of 
die  thick  covering  of  hair  which  is  spread  over 
the  body  and  the  limbs ;  but  if  a  species,  which 
kas  no  hair,  be  sdected  for  examination,  we  can 
see  very  distinctly,  through  the  microscope,  the 
motion  of  the  blood  in  the  vessels,  by  means  of 
the  globules  it  contains,  both  in  the  1^  and  in 
other  parts,  where  it  presents  appearances  very 
similar  to  those  already  described  in  the  limbs 
of  the  larvae  of  insects. 

A  complete  vascular  circulation  is  established 
in  all  the  animals  which  compose  the  class  of 
Annelida ;  the  vessels  being  continuous  through- 
out, and  having  sufficient  power  to  propel  the 
blood  through  the  whole  of  its  circuit.  Great 
variety  exists  in. the  arrangement  and  distribu- 
tion of  these  vessels,  depending  on  the  form  of 
the  animal,  the  complication  of  its  functions, 
and  the  extent  of  its  powers.  The  first  rudi- 
nient  of  a  distinct  system  of  circulating  vessels, 
independent  of  the   ramified  tubes  proceeding 
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from  the  intestiDal  canal,  occurs  in  the  Planarite, 
which  are  a  tribe  of  flat  vennifonn  animals,  in 
many  respects  allied   to    the  more    developed 
Entozoa,  and  appearing  placed  as  an  intenne- 
diate  link  between  them  and  the  Annelida.    In 
many  species,  such  as  the  Planaria  nigra,  fusca, 
and  tremellaris,  (Midler),  Dugea  observed  two 
longitudinal  trunks  (Fig.  34G*)  running  along 
the  sides  of  the  under  surface  of 
the  animal,  and  joining  together, 
both  at  their  fore  and   hind   ex- 
tremities,  so    as    to  form    a  con- 
tinuous channel  of  an  oval  form.f 
A  great  number  of  smaller  vessels 
branch  off  from  these  main  trunks 
in  every  direction,  and  ramify  ex- 
tensively, often  uniting  with  those 
from  the  opposite  side,  and   esta- 
blishing   the    freest    communica- 
tions between  them. 
In  the  Annelida  which  have  a  more  length- 
ened and  cylindric  form,  the  principal  vessels 
have  a  longitudinal  course,  but  are  differently 
disposed  in  different  species.     There  is  in  all  a 
vascular  trunk,  extending  along  a  middle  line, 
the  whole  length  of  the  back,  and  especially 
designated  as  the  dorsal  vessel:  in  general  there 


t  De  Blainville  has  described  a  structure  si 
Planaria  from  Brazil.  Diet,  des  Sc.  Nat,  t.  xli. 
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is  also  a  corresponding  trunk,  occupying  the 
middle  line  of  the  lower,  or  abdominal  aide  of 
the  body,  and  termed  the  abdominal  vessel.  This 
latter  Tessel  is  sometimes  double ;  one  being  su- 
perficial, and  another  lying  deeper ;  tlie  principal 
nerrous  cord,  and  chain  of  ganglia  being  situated 
between  them.  Frequently  there  are  found,  in 
addition  to  these,  vessels  which  run  along  the 
sides  of  the  body,  and  are  therefore  called  the 
lateral  vessels.  In  every  case  there  are,  as  we 
have  seen  in  the  Planaria,  numerous  branches, 
and  collateral  communications  between  the  la- 
teral, the  abdominal,  and  dorsal  vessels ;  more 
especially  at  the  two  extremities  of  the  body, 
where  the  great  mass  of  blood,  which  has  been 
flowing  in  one  direction  in  one  set  of  vessels, 
is  transferred  into  others  which  convey  it  in  the 
contrary  direction,  and  complete  the  circuit  of 
its  course.  The  ramifications  and  lateral  con- 
nexions of  the  minuter  branches  are  often  so 
numerous,  as  to  compose  a  vascular  net-work 
covering  a  considerable  extent  of  surface.  This 
general  description  of  the  circulatory  system  is 
applicable  to  the  tribes  of  Annelida  possess- 
ing the  simplest  structure,  such  as  the  Nais, 
the  Nereis,  and  the  Leech;  genera  which  in- 
clude a  great  variety  of  species  of  diflferent 
shapes  and  sizes. 

Although    the    vessels    themselves    may    be 
plainly  discerned,  it  is  not  so  easy  to  determine 
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the  real  course  which  the  blood  takes  whi)e 
circulating  within  them;  and  we  accordingly 
find  very  great  discordance  in  the  reports  of 
different  physiolc^ists  on  this  subject.  De 
Blainville  asserts  that  in  all  the  Annelida,  the 
blood  in  the  dorsal  vessel  is  carried  backwards, 
that  is,  from  the  head  to  the  tml ;  a  motion, 
which,  of  course,  implies  its  return  in  the  con- 
trary direction  either  in  the  lateral  or  the  abdo- 
minal vessels.  In  the  Nais,  the  Nereis,  and 
the  Leech,  these  last  vessels  are  two  in  number, 
situated  at  the  sides  of  the  abdominal  surface 
of  the  body.  Cams  adds  his  testimony  in  favour 
of  this  mode  of  considering  the  circulation  in 
the  Annelida.  On  the  other  hand,  Spix,  Bon- 
net, Sir  Everard  Home,  and  Dug^s  d^cribe  the 
course  of  the  blood  as  quite  the  opposite  of  this, 
and  maintain  that  it  moves  backwards,  or  to- 
wards the  tail,  in  the  abdominal  vessels  ;  and 
forwards,  or  towards  the  bead,  in  the  dorsal 
vessel.  Morren,  who  is  the  latest  authority 
on  this  subject,  gives  his  testimony  in  favour 
of  the  latter  view  of  the  subject,  as  far  as  relates 
to  the  dorsal  vessel  of  the  Erpobdella  vulgaris* 
an  animal,  allied  to  the  Leech,  and  already 
noticed  in  the  account  of  the  mechanical  funcr 
tions  of  this  tribe :  t   but  he  considers  the  ab- 

•  Himdo  mtlgant.  (Linn.)     NephelU  vulgaris.  (SaTigny). 
t  Vol.  i,|;>.  271,  where  a  delioeation  of  this  animal  wai  given, 
Fig.  130. 
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dominal  vessel  as  performing  also  the  same 
function  of  carrying  the  blood  forwards  towards 
the  head,  and  the  two  lateral  vessels  as  convey- 
ing it  backwards,  thus  completing  the  circuit. 
This  is  illustrated  by  the  diagram  (Fig.  347) ; 


where  a  is  the  anterior,  and  p  the  posterior 
extremity  of  the  animal,  the  dorsal  vessel  occu- 
pying the  middle  straight  line  between  the  two 
lateral  vessels,  and  the  direction  of  the  stream 
in  each  being  indicated  by  the  adjacent  arrows. 
The  blood  in  the  abdominal  vessel  following 
the  same  course  as  that  in  the  dorsal  vessel, 
the  same  diagram  represents  also  these  vessels 
seen  from  below.  Fig.  348  is  an  inferior  view 
of  the  Erpobdella,  showing  the  numerous  rami- 
fications of  the  abdominal  vessel ;  the  lesser 
branches  encircling  the  nervous  ganglia,  and 
accompanying  the  principal  nervous  filaments 
which   proceed  from   them  :   while  the  lateral 
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vessels  are  eeen  pursuing  a  slightly  serpentine 
course.* 

The  tribe  of  ZMmbrici,  which  includes  the 
earth-worm,  is  distinguished  &om  the  annelida 
already  noticed,  by  being  more  highly  organized, 
and  possessing  a  more  extensive  circulation,  and 
a  more  complicated  apparatus  for  the  per- 
formance of  this  function.  The  greater  extent 
of  vascular  ramifications  appears  to  require  in- 
creased powers  for  carrying  the  blood  through 
the  numerous  and  intricate  passages  it  has  to 
traverse ;  and  these  are  obtained  by  means  of 
muscular  receptacles,  capable,  by  their  succes- 
sive  contraction,  of  adding  to  the  impulsive  force 
with  which  the  blood  is  driven  into  the  trunks 
that  distribute  it  so  extensively.    These  muscu- 

*  Dug^B  repreaeDts  the  blood  of  this  aaimal  as  movii^  in 
dilTGreiit  direction!  in  the  right  and  in  the  lefl  lateral  vessels ; 
generally  backwards  in  the  former,  and  forwards  in  the  latter : 
at  the  same  time  that  it  moves  backwards  in  the  dorsal,  and 
forwards  in  tbe  abdominal  vessel.  In  the  communicating 
branches  which  pass  transversely  from  one  lateral  vessel  to  the 
other,  the  blood  flows  from  left  to  right  in  those  situated  in  the 
anterior  half  of  the  body,  and  from  right  to  left  in  those  of 
the  posterior  half:  so  that  tbe  plane  in  which  its  circuit  is 
performed  is  horizontal,  instead  of  vertical.  It  is  curious  to 
find  an  example  of  a  similar  transverse  circulation,  in  the 
v^etable  kingdom ;  this  has  recently  been  observed  by  Mr. 
Solly  and  Mr.  Varley,  in  a  sprout  of  the  Ckara  mlgaris,  near 
the  end  of  which  the  enclosed  fluid  revolves  continually  on 
its  own  axis,  instead  of  following  the  ordinary  course  of  ascent 
and  descent  along  the  sides  of  the  cylindric  cavity. — See  Trans, 
of  the  Society  of  Arte,  xlix,  180, 
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lar  appendages  are  globular  or  oval  dilatations 
of  some  of  the  large  vascular  trunks,  which  bend 
round  the  sides  of  the  anterior  part  of  the  body, 
and  establish  a  free  communication  between  the 
dorsal  and  the  abdominal  vessels.  They  are 
described  by  Dug^s  as  consisting,  in  the  hum- 
bricus  gigas,  of  seven  vessels  on  each  aide,  form- 
ing a  series  of  rounded  dilatations,  about  twelve 
in  number,  resembling  a  string  of  beads.* 

In  the  lAtmbricus  terrestris,  or  common  earth- 
worm, there  are  only  five  pair  of  these  vessels; 
they  have  been  described  and  figured  by  Sir 
£.  Homet :  but  the  most  fiill  and  accurate 
account  of  their  structure  has  been  given  by 
Morren,  in  his  splendid  work  on  the  anatomy  of 
that  animal4    Fig-  34!),  which  is  reduced  from 


*  They  are  termed  bj  Dug^s,  Vaisseaux  moniliformes,  ou 
dorto-abdominaux . — Annales  des  Sciences  NaturelleB,  xv,  299. 

t  Philos.  Transact,  for  1817,  p.  3  :  and  PI.  iti.  Fig.  4. 

X  "  De  Lumbrici  terrestris  Historia  naturalis,  necnon  Anatomia 
Traclatus."    Qto.  Bruxelles,  1829. 
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his  plates,  represents  these  singular  appendages 
to  the  Tascular  sjwtem  of  the  earth-wonn,  sepa- 
rated from  their  attachments,  and  viewed  in  con- 
nexion only  with  the  dorsal  and  ahdominal  trunks 
in  which  they  terminate.  The  abdominal  vessel, 
(a,  a),  on  arriving  near  the  oesophagus,  is  dilated, 
at  the  point  b,  into  a  globular  bulb  (c),  which 
is  foUowed,  at'  equal  intervals,  by  four  others 
(c,  c).  From  each  of  these  bulbs,  or  ventri- 
cles, as  they  are  termed  by  Morren,  a  vessel  (o) 
is  sent  off  at  right  angles,  on  each  side ;  this 
vessel  also  enlarges  into  several  nearly  globular 
dilatations  (e),  followed  by  a  still  laiger,  and 
more  elongated  oval  receptacle  (f),  which  com- 
pletes the  semicircular  sweep  taken  by  the  vessel 
in  bending  round  the  sides  of  the  body,  in 
order  to  join  the  dorsal  vessel  (g,  g),  in  which 
all  the  other  four  communicating  vessels,  pre- 
senting  similar  dilatations,  terminate.  Sir  E. 
Home  is  of  opinion  that  these  dilated  portions  of 
the  vessel  are  usefid  as  reservoirs  of  blood,  for 
supplying  it  in  greater  quantity  to  the  neigh- 
bouring organs,  as  occasion  may  require :  but 
Morren  ascribes  to  them  the  more  important 
office  of  accelerating,  by  their  muscular  action, 
the  current  of  circulating  blood .  If  the  latter  of 
these  views  be  correct,  which  the  strong  pulsa- 
tions constantly  visible  in  these  bulbs  render 
extremely  probable,  this  structure  would  offer 
the  first  rudiments  of  the  organ  which,  in  all  the 
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superior  classes  of  animals,  performs  so  impor- 
tant an  office  in  the  circulation  of  the  blood, 
namely,  the  heart:  and  this  name,  indeed,  is 
given  by  Cuvier,  Morren,  and  others,  to  these 
dilated  portions  of  the  -vascular  systems  of  the 
higher  orders  of  Annelida.* 

Here,  also,  the  statements  of  different  anato- 
mists are  at  variance,  with  regard  to  the  direc- 
tion taken  by  the  blood  while  circulating  in  the 
vessels :  Home  and  Dug^s  represent  it  as  pro- 
ceeding forwards  in  the  dorsal,  and  backwards 
in  the  abdominal  vessels;  a  course  which  im- 
plies its  descent  along  the  lateral  communicating 
vessels  just  described ;  while  De  Blainville  and 
Morren  ascribe  to  it  a  course  precisely  the 
reverse.  Amidst  these  conflicting  testimonies, 
it  is  extremely  difficult  to  determine  on  which 
side  the  truth  lies ;  and  a  suspicion  will  natu- 
rally arise,  that  the  course  of  the  blood  in  the 
vessels  may  not  be  at  all  times  uniform,  but  may 
be  liable  to  partial  oscillations,  or  be  even  com- 
pletely reversed,  by  the  operation  of  particular 
disturbing  causes. 

The  larger  Crustacea  possess  a  circulatory 
apparatus  still  more  extensive  and  complete, 
accompanied  by  a  corresponding  increase  in  the 
energy  of  the  vital  functions.     As  we  follow  this 

*  It  is  remarkable  that  the  blood  in  most  of  the  Annelida  has 
a  bHifht  scarlet  colour,  and  resembles  in  this  respect  die  blood 
of  vertebrated  animals. 
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system  in  the  more  highly  oi^anized  tribes  of 
this  class,  we  find  the .  powers  of  the  dorsal 
vessel  becoming  more  and  more  concentrated 
in  its  anterior  extremity ;  till  in  the  Decapoda, 
a  famUy  which  comprehends  the  Lobster  and 
the  Crab,  we  find  this  part  dilated  into  an  oval 
or  globular  organ,  with  very  muscular  coats, 
capable  of  vigorous  contractions,  propelling  its 
contents  with  considerable  force  into  the  vessels, 
and  therefore  clearly  entitled  to  the  appellation, 
of  heart.  The  distinction  between  arteries  and. 
veins,  which  can  scarcely  be  made  with  any 
precision  in  the  systems  of  the  inferior  tribes,  is 
here  perfectly  determined  by  the  existence  of 
this  central  oi^an  of  propulsion :  for  the  ves^s 
into  which  the  blood  is  sent  by  its  contractions, 
and  which,  ramifying  extensively,  distribute  it  to 
distant  parts,  are  indisputably  ar/eries;  and  con- 
versely, the  vessels,  which  collect  the  blood  from 
all  these  parts,  and  bring  it  back  to  the  heart, 
are  as  decidedly  veins.  The  heart  of  the  lobster 
is  situated  immediately  under  the  carapace,  or 
shell  of  the  dorsal  r^ion  of  the  thorax,  di- 
rectly over  the  stomach  :  its  pulsations  are  very 
distinct,  and  are  performed  vrith  great  regularity. 
The  importance  of  the  heart,  as  the  prime 
agent  in  the  circulation,  increases  as  we  advance 
to  the  higher  classes  of  animals,  whose  more 
active  and  energetic  functions  require  a  con- 
tinual and  rapid  renewal  of  nutrient  fluid,  and 
render  necessary  the  introduction  of  farther  re- 
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flneinents  into  its  structure.  The  supply  of 
blood  to  the  heart,  being  in  a  constant  stream, 
produces  a  gradual  dilatation  of  the  cavity  which 
receives  it ;  and  the  muscular  fibres  of  that  cavity 
are  not  excited  to  contraction,  until  they  are' 
stretched  to  a  certain  point  But  in  order  effec-' 
toally  to  drive  the  blood  into  every  part  of  the 
arterial  system,  vphere  it  has  great  resistances 
to  overcome,  a  considerable  impulsive  force  is 
required,  implying  a  sudden  as  well  as  powerful 
muscular  action.  This  object  is  attained,  in  all 
Tertebrated  animals,  by  providing  a  second 
muscular  cavity,  termed  a  ventricle',  into  which< 
the  first  cavity,  or  auricle,  throws  the  blood  it  has 
received  firom  the  veins,  with  a  sudden  impulse  ; 
and  thus  the  ventricle,  being  rapidly  distended, 
is  excited  to  a  much  more  quick  and  forcible 


contmction   than  the  auricle,  and  propels  the 
blood  it  contains  into  the  artery,  with  an  impetus 
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incomparably  greater  than  could  have  resulted 
from  the  action  of  the  auricle  alone.  Fig.  350 
represents  the  heart  with  its  two  cavities ;  d  being 
the  auricle,  and  e  the  ventricle ;  tt^ther  with 
the  main  trunks  of  the  veins  (c,  c,)  which  con- 
vey the  blood  into  the  auricle ;  and  those  of  the 
arteries  (a),  which  receive  it  from  the  ventricle, 
for  distribution  over  the  whole  system. 

The  force  of  contraction  in  the  principal 
cavity  of  the  heart  being  thus  increased,  it 
becomes  necessary  to  provide  additional  secu- 
rities f^ainst  the  retrograde  motion  of  its  fluid 
contents.  Yalves  are  accordingly  interposed 
between  the  auricle  and  ventricle;  and  great 
refinement  of  mechanism  is  displayed  in  their 
construction.    Fig.  351  represents  their  appear- 


ance (at  v)  when  the  cavities,  both  of  the  anride 
(o),  and  the  ventricle  (e)  are  laid  open  :  c,  c,  as 
before,  being  the  upper  and  lower  venaa  cavee, 
and  A,   the  main   trunk  of  the  aorta.    These 
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valves  are  compoeed  of  two  loose  membranes, 
&e  fixed  edges  of  which  are  attached  circularly 
to  the  aperture  of  commmiicatiou  between  the 
cavities,  and  their  loose  edges  project  into  the 
ventricle;  so  that  they  perform  the  office  of 
flood-gates,  allowing  a  free  passage  to  the  blood 
when  it  is  impelled  into  the  ventricle,  and  being 
pushed  back  the  moment  the  ventricle  contracts ; 
in  which  latter  case  they  concur  in  accurately 
closiDg  the  aperture,  and  preventing  the  return 
of  a  sii^le  drop  into  the  auricle.  These  valves 
being  attached  to  a  wide  circular  aperture,  it  is 
necessary  that  they  should  be  restrained  from 
inverting  themselves  into  the  auricle,  at  each 
contraction  of  the  ventricle.  For  this  purpose 
there  are  provided  slender  ligaments  (which  are 
seen  in  Fig.  351),  fixed  by  one  end  to  the  edge 
of  the  valve,  and  by  tbe  other  to  some  part  of 
the  inner  surface  of  the  ventricle,  so  that  the 
valve  is  always  kept  within  the  cavity  of  the 
latter.  In  the  auricle,  the  same  purpose  is 
answered  by  the  oblique  direction  in  which  the 
veins  enter  it. 

Tbe  arteries  themselves,  especially  the  main 
trunk  of  the  aorta,  as  it  issues  from  the  heart,  are 
muscular,  and  when  suddenly  distended,  contract 
upcm  their  contents.  It  was  necessary,  therefore, 
to  provide  means  for  preventing  any  reflux  of 
blood  into  the  ventricle  during  their  contraction ; 
and  for  this  purpose  a  set  of  valves  (w,  Fig.  361) 
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is  placed  at  the  beginning  of  these  tubes,  where 
they  arise  from  the  ventricle.  These  valves  coa' 
sist  usually  of  three  membranes,  which  have  the 
form  of  a  crescent,  and  are  capable  of  closing  the 
passage  so  accurately,  that  not  a  drop  of  blood 
pan  pass  between  them.* 

In  order  to  convey  a  more  clear  idea  of  the 
course  of  the  blood  in  the  circulatory  system,  I 
have  drawn  the  diagram, 
Fig.  352,  exhibiting  the 
general  arrangement   of 
its  component  parts.  The 
'  main  arterial  trunk,  or 
Aorta  (a),  while  proceed- 
ing in  its  course,  gives  off 
numerous  branches  (a), 
which  divide  and  subdi- 
vide, till  the  ramifications 
(p)  arrive  at  an  extreme 
degree    of    minuteness; 
and  they  are  finally  distributed  to  every  organ, 
and  to  the  remotest  extremities  of  the  body.   They 
frequently,  during    their   course,  pommunio^te 
with  one  another,  or  a^astomose,  as  it  is  termed,  by 
collateral  branches,  so  as  to  provide  against  in- 

•  In  the  arterj  of  the  shark,  and  other  cartilE^DQus  fishes, 
where  the  action  of  the  vessel  is  very  powerful,  these  valves  are 
much  more  numerous,  and  arranged  in  rows,  occupying  several 
parts  of  the  artery.  Additional  valves  are  also  met  witk  in  other 
fishes  at  the  branching  of  large  aiteries. 
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terraptioos  to  the  circulation,  which  might  arise 
from  EtccidentEil  obstructions  in  any  particular 
branches  of  this  extended  system  of  canals. 
The  minutest  vessels  (p),  which  in  incalculable 
numbers,  pervade  every  part  of  the  frame,  are 
named,  from  their  being  finer  than  hairs,  capil- 
lary vessels. 

After  the  blood,  thus  transmitted  to  the  differ- 
ent parts  of  the  body  by  the  arteries,  has  supplied 
^em  with  the  nourishment  they  require,  it  is 
conveyed  back  to  the  heart  by  the  veins,  which, 
commencing  from  the  extreme  ramifications  of 
the  arteries,  bend  back  again  in  a  course  di- 
rected towards  the  heart.  The  smaller  branches 
join  in  succession  to  form  lai^r  and  larger 
trunks,  till  they  are  at  length  all  united  into  one 
or  two  main  pipes,  called  the  Vents  cava,  (c), 
which  pour  their  accumulated  torrent  of  blood 
into  the  general  reservoir,  the  heart;  entering 
first  into  the  auricle  (d),  and  thence  being  carried 
f<Hirard  into  the  ventricle  (e),  which  again  pro- 
pds  it  through  the  Aorta.  The  veins  are  larger 
and  more  numerous  than  the  arteries,  and  may 
be  compared  to  rivers,  which  collecting  all  the 
water  that  is  not  imbibed  by  the  soil,  and  recon- 
veying  it  into  its  general  receptacle,  the  ocean, 
perform  an  analogous  office  in  the  economy 
of  the  earth. 

The  communications  of  the  capillary  arteries 
with  the  veins  are  beautifully  seen,  under  the 
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micTOEtcope,  in  the  traasparent  membranes  of 
frogs  or  fishes.  The  splendid  spectacle,  thus 
brought  within  the  e<^izance  of  our  sens^,  of 
unceasing  activity  in  the  minutest  filaments  of 
the  animal  frame,  and  of  the  rapid  transit  of 
streams  of  fluid,  bearing  along  with  them  minute 
particles,  which  appear  to  be  pressing  forwards, 
like  ^he  passengers  in  the  streets  of  a  crowded 
city,  through  multitudes  of  narrow  and  winding 
passages,  can  never  fail,  when  first  bebeld,  to 
fill  the  mind  with  astonishment* ;  a  feeling, 
which  must  be  exalted  to  the  highest  admiration 
on  reflecting  that  what  we  there  behold  is  at  all 
times  going  on  within  us,  during  the  whole 
period  of  our  lives,  in  every,  even  the  minutest 
portion  of  our  frame.  How  inadequate,  then, 
must  be  any  ideas  we  are  capable  of  forming 
of  the  incalculable  number  of  movements  and  of 
actions,  which  are  conducted  in  the  living  sys- 
tem ;  and  how  infinite  must  be  the  prescience 
and  the  wisdom,  by  which  these  multifarious  and 
complicated  operations  were  so  deeply  planned, 
and  so  harmoniously  adjusted  I 

*  Lewenhoeclc.  speaking  of  the  delight  he  experienced  <m 
viewing  the  circulation  of  the  blood  in  tadpoles,  nses  the  follow- 
ing expretiuotui.  "  This  pleasure  has  ofleotimes  been  so  recrea- 
ting; to  me,  that  I  do  not  believe  that  all  the  pleasure  of  fountains, 
or  water-works,  either  natural  or  made  by  art,  could  have 
pleased  my  sight  so  well,  as  the  view  of  theie  creatures  has 
given  me." — Phil.  Trans,  xxii,  453. 
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The  object  of  the  circulation  is  not  merely  to 
diatribute  the  blood  through  the  general  system 
of  the  body ;  it  has  alao  another  and  very  im- 
portant office  to  perform.  The  blood  undergoes, 
in  the  course  of  its  circulation,  considerable 
changes,  both  in  its  colour  and  its  chemical 
composition.  The  healthy  blood  transmitted  by 
the  arteries  is  of  a  bright  scarlet  hue;  that 
brought  back  by  the  veins  is  of  a  dark  purple, 
from  its  containing  an  excess  of  carbon,  and 
is  consequently  unfit  to  be  again  circulated. 
Whenever,  from  some  derangement  in  the  func- 
tions, this  dark  blood  finds  its  way  into  the 
arteries,  it  acts  as  a  poison  on  every  organ  which 
it  reaches,  and  would  soon,  if  it  continued  to 
circulate,  destroy  life.  Hence  it  is  necessary 
that  the  blood  which  returns  by  the  veins  should 
undergo  purification,  by  exposure  either  to  the 
air  itself,  or  to  a  fluid  containing  air,  for  the 
purpose  of  restoring  and  preserving  its  salutary 
qualities.  The  heart  and  vascular  system  have 
therefore  the  additional  task  assigned  them  of 
conveying  the  vitiated  venous  blood  to  certain 
oigans,  where  it  may  have  access  to  the  air,  and 
receive  its  vivifying  influence ;  and  to  this  office 
a  distinct  set  of  arteries  and  veins  is  appro- 
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priated,  constituting  a  distinct  circulation.    This 
I  have  endeavoured  to  illus- 
trate by  the  diagram,  Fig. 
353,  where  d  represents  the 
auricle,  and  e  the  ventricle 
of  the  heart ;  and  a  and  c, 
A    the  main  arterial  and  venous 
I     trunks ;  and  where  the  two 
circulations  are,  for  the  sake 
of  distinctness,  supposed  to 
be  separated  from  one  ano* 
ther,  so  that  the  two  systems 
of  vessels  may  occupy  dif- 
ferent parts  of  the  diagram. 
The  vessels  which  pervade  the  body  gen^ttlly 
(b),  and  are  subservient  to  natiiUon,  belong  to 
what  is  termed  the  greater,  or  systemie  circula- 
tion :  those  which  circulate  the  blood  through  the 
respiratory  o^;an8,  (a),  for  the  purpose  of  aera- 
tion, compose  the  system  of  the  lesser,  or  respi- 
ratory  circulation. 

Few  subjects  in  Fhysiolc^y  present  a  field 
oS  greater  interest  than  tlie  comparison  of  the 
modes  in  which  these  two  great  functions  are, 
in  all  the  various  classes  of  animals,  exactly 
adjusted  to  each  other.  So  intimately  are  the 
organs  of  circulation  related  to  those  which 
distribute  the  blood  to  the  respiratory  organs, 
that  we  never  can  form  a  clear  idea  of  the  first, 
without  a  close  reference  to  the  last  of  these 
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gjratems.  While  describing  the  Beveral  plans 
of  circulation  presented  to  im  by  the  different 
classy,  I  shall  be  obliged,  therefore,  to  assume 
both  the  necessity  of  the  innction  of  respiration, 
and  of  a  provision  of  certain  organs  for  the 
reception  of  air,  either  in  its  gaseous  form,  or 
as  it  is  contained  in  water,  where  the  blood 
may  be  subjected  to  its  action.  It  is  necessary, 
also,  to  state  that  the  o^ans  for  receiving  atmos- 
pheric air  in  its  gaseous  state  are  either  lungs, 
or  pulmonaiy  cavities,  while  those  which  are 
constructed  for  aquatic  respiration  are  termed 
^lls,  or  branehieB ;  the  arteries  and  the  veins 
which  carry  on  this  respiratory  circulation,  beii^ 
termed  pulmonary,  or  branchial,  according  as 
they  relate  to  the  one  or  the  other  description 
of  respiratory  organs. 

In  many  animals  it  is  only  a  part  of  the  cir- 
culating blood  which  undergoes  aeration ;  the 
pulmonary  or  branchial  arteries  and  veins  being 
merely  branches  of  the  general  system  of  blood 
vessels :  so  that  in  this  case,  which  is  that 
represented  in  the  preceding  figure  (353),  the 
lesser  circulation  is  included  as  a  part  of  the 
general  circulation.  But  in  all  the  higher  classes 
the  whole  of  the  blood  is,  in  soone  part  of  its 
circuit,  subjected  to  the  influence  of  the  air; 
the  pulmonary,  b^g  then  distinct  from  the 
systemic  circulaticm.  In  the  Annelida,  for  in- 
stance, the  venee  cavee,  which  bring  back  the 
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blood  from  the  syston,  unite  to  form  one  or 
more  vesHels,  which  then  assume  the  function 
of  arteries,  subdividing  and  ramifying  upon  the 
branchial  organs ;  after  this  the  blood  is  again 
collected  by  the  branchial  veins,  which  unite 
into  one  trunk  to  form  the  arteries  of  the  sys- 
temic circulation. 

Most  insects,  especially  when  arrived  at  the 
advanced  stages  of  their  developement,  have  too 
imperfect  a  circulation  to  elTect  the  thorough 
aeration  of  the  blood :  and  indeed  a  greater  part 
of  that  fluid  is  not  contained  within  the  vascular 
system,  but  permeates  the  cavities  and  cellular 
texture  of  the  body.  It  will  be  seen,  when  I 
come  to  treat  of  respiration,  that  the  same  object 
is  accomplished  by  means  totally  independent  of 
the  circulatory  apparatus ;  namely,  by  a  system 
of  air-tubes,  distributed  over  every  part  of  the 
body.  But  an  apparatus  of  this  kind  is  not 
required  in  those  Arachnida,  where  the  circulation 
is  vigorous,  and  continues  duriog  the  whole  of 
life  :  here,  then,  we  again  meet  with  a  pulmonary 
as  well  as  a  systemic  circulation,  in  conjunctitHi 
with  internal  cavities  for  the  reception  of  air. 

In  the  Crustacea  the  circulation  is  conducted 
on  the  same  general  plan  as  in  the  Annelida ;  the 
blood  from  every  part  of  the  body  being  collected 
by  the  Vence  Cavs,  which  are  exceedingly  capa- 
cious, and  extend,  on  each  side,  along  the  lower 
surface  of  the  abdomen.   They  send  out  branches, 
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which  distribute  the  blood  to  the  gills ;  but  these 
branches,  at  their  origio,  suddenly  dilate,  so  as 
to   fonn    la^e    receptacles,  which    are    called 
sinuses,  where  the  blood  is  allowed  to  accumu- 
late, and  where,  by  the  muscularity  of  the  ex- 
|WDded  coats  oflfce.  vessels,  it  receives  an  addi- 
tional force  of  propulsion.     From  the  branchice 
the  blood  is  returned  by  another  set  of  veins 
to  the  elongated  heart  formerly  described,  and 
propelled  by  that  or- 
gan into  the  systemic 
arteries.       Fig.    354 
shows  the  relative  si- 
tuation of  these  ves- 
sels,   when    isolated 
and  viewed  from  be- 
hind, in  the  Maja  sqainado.     c,  c,  are  the  venee 
cavse  ;  e,  e,  the  venous  sinuses  above-mentioned ; 
F,  F,  are  the  branchial  arteries;  o,  the  gills,  or 
branchite ;  and  i,  i,  the  branchial  veins  termina- 
ting in  the  heart  l.* 

In  the  MoUusca,  the  heart  acquires  greater 
size,  compared  with  the  other  oi^ns,  and  exerts 
a  proportionally  greater  influence  as  the  prime 
mover  in  the  circulation.  In  the  developement 
of  its  structure,  in  the  different  orders  of  this 

*  A  minute  account  of  the  oi^ns  of  circulation  io  the  craets- 
cea  is  given  by  Audouiu  and  Milne  Edwards,  ia  the  Annates  des 
Sciences  NatureUes,  xi,  283  and  352,  from  which  work  the  above 
fignTe  is  taken. 
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class,  a  beautiful  gradation  may  be  perceWed : 
the  Sranchiopoda  having  two  hearts,  one  placed 
upon  each  of  the  two  lateral  trunks  of  the 
branchial  veins ;  the  Gasteropoda  having  a  siagle 
heart,  furnished  with  an  auricle  ;  and  the  Ace- 
phala  being  provided  with  a  heart,  which  has 
a  single  veatricle,  but  two  auricles,  corresponding 
to  the  two  trunks  of  the  branchial  veins.* 

The  most  remarkable  variety  of  structure  is 
that  exhibited  by  the  Cephalopoda.  We  have 
already  seen,  in  the  Crustacea,  dilatations  of  the 
venee  cavee,  at  the  origin  of  the  branchial  arte- 
ties :  but  in  the  Nautilus  the  dilatations  of  the 
branchial  veins  are  of  such  a  size,  as  to  be  almost 
entitled  to  the  appellation  of  auricles.  The 
Sepia,  in  whose  highly  organized  system  there  is 
required  great  addttiooal  power  to  propel  the 
blood  with  sufficient  force  through  the  gills,  is 
provided  with  a  lai^e  and  complicated  branchial 
apparatus ;  uid  the  requisite  power  is  supplied 
by  two  additional  hearts,  situated  on  the  venee 
cav£e,  of  which  they  appear  as  if  they  were 
dilatations*  immediately  before  the  branchial 
arteries  are  sent  off-t  They  are  shown  at  e,  £, 
Fig.  35d,  which  represents  this  part  of  the  vas- 

*  A  great  number  of  bivaJre  Mollusca  exhibit, the  fliDguW  pe- 
culiarity of  the  lower  portion  of  the  intestinal  tube  traverBitlg 
throagh  tbe  cavity  of  the  bean. 

t  Ilieae  reins  are  snnoiuided  by  a  great  number  of  ^jiti^ 
pouches,  which  hare  the  appearance  of  a  frio^ ;  the  use  of  this 
singular  structure  it  unknovn. 
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cular  system  of  the  LoUgo,  detached  from  the 
surrounding  parts ;  the  course  of  the  blood  being 


indicated  by  arrows,  c  is  one  of  the  three 
trunks  constituting  the  venae  cavse,  proceeding 
from  above,  dividing  into  two  branches  as  it  de- 
scends, and  terminating,  conjointly  with  the  two 
venous  trunks  (d),  which  are  coining  from  below, 
into  the  lateral  or  branchial  hearts  (e,b),  already 
mentioned.  Thence  the  blood  is  conveyed  by  the 
branchial  arteries,  (f.f),  on  each  side,  to  the  gills 
(o),  and  returned,  by  the  branchial  veins  (i),  to 
the  lai^e  central,  or  systemic  heart  (l),  which 
again  distributes  it,  by  means  of  the  systemic  ar- 
teries, to  every  part  of  the  body.  The  cuttle-fish 
tribe  is  the  only  one  thus  furnished  with  three 
distinct  hearts  for  carrying  on  a  double  circula- 
tion :  none  of  these  hearts  are  furnished  with 
auricles. 
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The  remarkable  diBtribution  of  tlie  miiaculwr 
powers  wbich  give  an  impulse  to  the  circulating 
fluids,  met  with  in  the  Sepia,  constitutes  a  step 
in  the  transition  from  Mollusca  to  Fishes.  la 
this  latter  class  of  animals,  the  two  lateral  hearts 
have  united  into  a  single  central  heart,  while  the 
aortic  heart  has  entirely  disappeared  ;  and  thus 
the  position  of  the  heart  with  respect  to  the  two 
circulations  is  just  the  reverse  of  that  which  it 
has  in  the  invertebrated 
classes.  The  plan  in  Fishes 
is  shown  in  the  diagram. 
Fig.  356,  where  the  cen- 
tral oi^ns  are  seen  to  con- 
sist of  four  cavities,  c,  d,  e, 
p,  opening  succesBively  the 
one  into  the  other.  The 
heart  belongs  exclusively 
to  the  gills ;  and  there  pro- 
ceeds from  it,  not  the  aorta, 
but  the  trunk  of  those- 
branchial  arteries  (f),  which  coavey  the  whole  of 
the  blood  to  the  respiratory  oigans  (o,  h).  This 
blood,  after  being  there  aerated,  is  collected  by 
the  branchial  veins  (i),  which  unite  into  a  single 
trunk  (a),  passing  down  the  back,  and  perform- 
ing, without  any  intermediate  heart,  the  office  of 
an  aorta  ;  that  is,  it  divides  into  innumerable 
branches,  and  distributes  the  blood  to  every  part 


oy  Go  Ogle 


RESPIBATOEY  CIBCVLATION  IN  INSECTS.      273 

of  the  eystem.*  The  blood  is  then  raconveyed  to 
the  heart  by  the  ordinary  veins,  which  fonn  a  lai^e 
Tena  cava  (c).  This  Vein  is  generally  consider- 
ably dilated  at  its  termination,  or  just  before  it 
opena  into  the  auricle,  constituting  what  has 
been  termed'  a  venom  sinus  (s).  This,  then,  is 
fxdlowed  bythe  auricle  (d)  uid  the  ventricle  (e)  ; 
but,  besides  these  cavities,  there  is  also  a  fourth 
(f),  formed  by  a  dilatation  of  the  beginning  of 
the  branchial  artery,  and  termed  the  hulbus  arte- 
ruMus,  contributing,  doubtless,  to  augment  the 
impetHS  with  which  the  blood  is  sent  into  the 
bnukcfaial  arteries. 

The  circidation  in  Reptiles  is  not  double,  like 
that  of  fishes;  for  only  a  part  of  the  blood 
i»  brought  under  the  influence  of  the  ^air  in 
the  pfulm<mary  oigans:  All  the  animals  belong- 
ing to  this  class  are  cold-blooded,  sluggish,  and 
inert;  they  subsist  upon  a  scanty  allowance  of 
food,  and  are  astonii^ingly  tenacious  of  life. 
The  simjdest  form  in  which  we  meet  with  this 
mode'  of  circulation  is  in  the  Batrachia ;  it  is 


*  The  caudal  branch  of  the  aorta  is  protected  by  the  roots  of 
the  inftnOT  spinous  processea,  joining  to  fonn  arches  through  nhich 
it  painei ;  a«d  A^bently  the  uterr  is  contained  in  a  bony  chan- 
nel, foraoed  by  the  bodies  of  the  rertebne,  which  effectually  se- 
cnres  it  from  all  external  pressure.  In  the  sturgeon  even  the  ab- 
dominal aortk  is  thus  protected,  being  entirely  concealed  within 
this  bony  CMial. 

VOL.  II.  ■>■ 
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shown  in  the  diagnun,  Fig.  357.  The  heart  ot 
the  Frog,  fot-  example,  may  be  considered  M 
eoneisting  of  a  single  Ten- 
tricle  (e),  and  a  ungle  Au- 
ricle (d).*  From  the  fonaer 
tiiere  |Hroceeda  one  gveat  al>< 
terial  trunk,  which  is  peo' 
peiiy  the  aortsi  This  aorta 
soon  divides  into  two  trunks, 
which.after  sending  branches 
to  the  head  and  neck,  boid 
I  downwards   (aa   ts  se^i   at 

o,  p).  and  unite  to  torn  a 
single  mink  (a),  which  m 
the  descending  aorta.  Frotn  this  vessel  pro* 
ceed  all  the  arteries  which  are  distributed  to 
the  trunk  and  to  the  limbs,  and  which  are 
represented  as  situated  at  b  :  these  arterial  rami- 
fications are  continued  into  the  great  venoas 
trunks,  V'hicfa,  as  usual,  constitute  the  veam 
cavfe  (c),  and  t^minate  in  the  atiricle  (d). 

From  each  of  the  trunks  which  arise  from  th« 
primary  division  of  the  aorta,  there  proceed  the 


*  Dr.  Davy  hu  observed  tiiat  dthongh  the  auHcle  vppeaM 
ungle,  when  viewed  externally,  iti  cavity  ig  in  reality  divided 
into  two  compartmentB  by  a  tran^rent  memtn^noui  partition, 
in  which  some  musculai  fibres  are  apparent ;  these  commnnicate 
with  Ae  cavity  of  the  ventricle  by  a  common  opening,  provided 
with  three  semilunar  valves.    Edin.  Phil.  Journal;  zik,  161. 


t:  Go  Ogle 


RESPIRATOKT  CIBCDLATION  IN  REPTILES.    475 

smftll  arteries  (p),  which  are  distributed  to  the 
hings  (a),  and  conve^r  to  those  organs  a  part 
only  of  tfie  mass  of  circnlating  blood.  To  these 
pulmonary  arteries  there  correspond  a  set  of 
veins,  uniting  in  the  tranks  (t),  which  bring 
btrck  the  abated  blood  to  the  auricle  of  the 
heart  (d),  where  it  ie  mixed  with  the  blood 
irhich  has  returned  by  the  Tease  cavae  (c),  from 
the  general  circulation.  Thus  the  blood  is  tmly 
parUally  aerated,  in  consequence  of  the  lesser 
circulation  being  here  only  a  branch  of  the 
greater. 

Nothing  is  more  curious  or  beautiful  than  the 
mode  in  which,  during  the  transformations  of 
this  animal,  Nature  conducts  the  gradual  tran- 
sition of  the  branchial  circulation  of  the  tadpde, 
into  the  pulmonary  circulation  of  the  flrog.  In 
the  former,  the  respiratory  oi^ans  are  otmsfcructed 
«n  the  model  of  those  of  fishes,  and  respiration 
is  performed  in  the  same  manner  as  in  that  clase 
of  animals :  the  heart  is  consequently  ess^itially 
branchial,  sending  the  whole  of  its  blood  to  the 
gSIs,  the  reins  returning  from  which  (describing 
the  course  marked  by  the  dotted  lines  m,  n,  in 
the  diagram),  unite,  as  in  fishes,  to  form  the 
descending  aorta.  As  the  lungs  derelope,  small 
arterial  branches,  arising  from  the  aorta,  are 
distributed  to  those  organs,  and  in  proportion  as 
these  arteries  enlarge,  the  branchial  arteries 
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diminieh ;  until,  on  their  becoming  entirely  ob- 
literated, the  course  of  the  blood  is  wholly 
diverted  fipm  them,  and  flows  through  tha 
enlaced  lateral  trunks  (o,  p.)  of  which  the 
juncticHi  constitutes  the  descending  aorta.  This 
latter  vessd  now  receives  the  whole  of  its  blood 
directly  from  the  heart ;  which,  from  being 
originally  a  branchial,  has  become  a  systemic 
heart. 

The  heart  of  the  Chelonian  reptiles,  such  as  the 
ordinary  species  of  T<»toise8  and  Turtles,  has 
two  distinct  auricles ;  the  one,  receiving  the  blood 
from  the  pulmonary  veins ;  the  other,  from  those 
of  the  body  generally ;  so  that  the  mixture  of 
aerated  and  vitiated  blood  takes  place,  not  in  the 
auricle,  but  in  the  ventricle  itself.  When  all  the 
cavities  are  distended  with  blood,  the  two  auricles 
being  nearly  of  the  same  size  as  the  ventricle, 
the  whole  has  the  appearance  of  a  union  of 
three  hearts.  The  circulatory  system  of  thei 
Ophidia  is  constructed  on  a  plan  very  similar 
to  that  of  the  Cbelonia. 

In  the  Saurian  reptiles,  the  structure  becomes 
again  more  complicated.  In  the  Chamelicoi  each 
auricle  of  the  heart  has  a  lai:ge  venous  sinus, 
appearing  like  two  supplementary  auricles.* 
The  heart  of  the  Crocodile  has  not  only  two 

*  Houaton;  Trans.  Roy.  Irish  Acad,  xv,  1S9. 
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auricles,  but. its  ventricle  is  divided,  by  two  par- 
titions, into  three  chambers :  each  of  the  par- 
titions is  perforated  to  allow  of  a  free  communi- 
cation between  the  chambers ;  and  the  passages 
are  so  adjusted  as  to  determine  the  current  of 
aerated  blood,  returning  from  the  lungs,  into 
those  arteriest  more  especially,  which  supply  the 
head  and  the  muscles  of  the  limbs ;  while  the 
vitiated  blood  is  made  again  to  circulate  through 
the  arteries  of  the  viscera.* 

It  is  in  warm-blooded  animals  that  the  two 
offices  of  the  circulation  are  most  efficiently  per- 
ibrmed ;  for  the  whole  of  the  blood  passes 
attemately  through  the  greater  and  the  lesser 
circulations,  and  a  complete  apparatus  is  pro- 

*  It  would  appear,  from  this  arrangement  of  the  vestels,  that 
the  bnun,  ot  ceDtral  organ  of  the  nervous  Bystem,  requires, 
moie  than  any  other  part,  a  supply  of  oxygenated  blood  for  the 
doe  performflDce  of  its  functions.  The  curious  proTision  which 
b  mada  for  seDding  this  partial  anpply  of  blood  of  a  particular 
quality  in  the  lai^er  kinds  of  reptiles,  such  as  the  Crocodile, 
has  been  pointed  out  by  many  anatomists ;  but  has  been  lately 
investigated  more  particularly  by  M.  Martin  St.  Ange.  (See 
Ae  Report  of  O.  St.  Hilure,  Revue  MMicale,  for  April,  1833). 
It  is  found  that  in  these  animals,  as  well  as  in  the  Chelonia,  a 
partial  respiratory  system  is  provided  for  by  the  admission, 
through  two  canals  opening  externally,  of  aerated  water  into 
the-cavity  of  the  abdomen,  where  it  may  act  upon  the  blood 
irtiich  is  circulating  in  the  veseda.  Traces  of  canals  of  this 
description  are  also  met  with  in  some  of  the  higher  classes  of 
vertebrated  animals,  as,  for  instance,  among  the  Mammalia,  in 
the  Motiolremata  and  the  Martupiatia. 
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Tided  for  each.    There  are,  ia  fact,  two  hearten: 
the  one  on  the  left  side  impelling  the .  blood 
through  the  greater,  or  syBtemic  circulation ; 
the  other,  on  the  light  side,  appropriated  to  the 
lesaer,  or  pulmonary  circulation.    The  annexed 
diagram  (Fig.  360).  il- 
luatratee  the  plan  oi  the 
circulation     in     wann- 
hlooded  animals.    From 
the  left  rentricle  (l)  the 
blood  is  propelled  into 
the  aorta  (a),  to  be  dii^ 
fused  through  the  wter 
ries  of  the  syat^a  (s)  i» 
every  part,  and  pene- 
trating into  all  the  capil' 
lary  vessels;  thence  it 
is  returned  by  the  veins,  through  the  venie  cavse 
(c),  to  the  right  auricle  (d),  which  ddivers  it 
into  the  right  ventricle  (e).    This  right  ventricle 
impels  the  blood,  thus  received,  through  the 
pulmonary  arteries  (f),  into  the  lungs  (at  h), 
where  it  is  aerated,  and  whence  it  is  reconveyed 
by  the  pulmonary  veins  (i),  into  the  \e&  auricle 
(k),  which  immediately  pours  it  into  the  left 
ventricle  (l),  the  point  from  whence  we  h^ 
set  out. 

Both  the  right  and  the  left  heart  have  their 
respective  auricles  and  ventricles ;  but  they  are 
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all  united  in  one  envelope,  so  aa  to  compose 
in  appearance  but  a  single  oi^an:*  still,  how- 
ever, the  right  and  left  cavities  are  kept  per- 
fectly distinct  from  one  another,  and  are  sepa- 
rated by  thick  partitions,  alloving  of  no  direct 
ttansmiesion  of  fluid  from  the  one  side  to  the 
other.  These  two  hearts  may  therefore  be  com- 
pared to  two  sets  of  chambers  und^  the  same 
FDof,  having  each  their  respective  entrances 
and  exits,  with  a  par^-wall  of  8^>aration  be- 
tween them.  This  junction  of  the  two  hearts 
is  conducive  to  their  mutual  strength :  for  the 
fibres  of  each  intermix  and  even  co-operate  in 
their  actions,  and  both  circulations  are  carried 
on  at  the  same  time ;  that  is,  both  ventricles 
cw^tract  or  close  at  the  same  instant ;  and  the 
same  applies  to  the  auricles.    The  blood  which 

*  AniMrkalileatoeiaion  todmgeoeralUwofcouKiUdatioii 
occvn  in  the  l^art  of  the  Du- 
gong,  represented  in  Fig.  360, 
in  which  it  may  be  seen  that 
the  two  ventriclea,  x  vtA  l,  are 
abnOBt  entirely  detached  from 
each  other.  In  this  fignre, which 
is  taken  from  the  Philosophical 

I  Transactxms  for  1620,  d  is  the 

systemic  auricle,  a  the  right  ot 
(Rtlmonary  reotricle,  t  the  pid- 
monary  artery,  k  the  left  or 
pulmonary  auricle,  L  the  left 

or  systemic  ventricle,  and  a  the  aorta. 
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bas  just  returned  from. the  body,  and  that  from 
the  luDgs,  the  former  by  the  vense  caTie,  the 
latter  by  the  pulmonary  reins,  fill  their  respec- 
tive auricles  at  the  same  instant ;  and  both 
aurictes,  contracting  at  the  same  moment,  dis- 
chai^e  their  contents  simultaneously  into  their 
respective  ventricles.  In  the  like  mann^,  at 
the  moment  when  the  left  ventricle  is  propelling 
its  aerated  blood  into  the  aorta,  for  the  purposes 
of  g^eral  nutrition,  the  right  ventricle  is  like- 
wise  driving  the  vitiated  blood  into  the  pul- 
mouary  artery,  in  order  that  it  may  be  purified 
by  the  influence  of  the  air.  Thus  the  same 
blood  which,  during  the  interval  of  one  pulsation, 
was  circnlating  through  the  lungs,  is,  in  the 
next,  circulating  through  the  body  ;  and  thus 
do  the  contractions  •  of  the  veins,  auricles,  ven- 
tricles, and  arteries  all  concur  in  the  sanle 
general  end,  and  establish  the  most  beautiAiI 
and  perfect  harmony  of  action.* 

*  EvidsDoe  it  «Sbrd«(l  of  th«  human  confonnaUon  being 
ezpreuly  adapted  to  the  erect  poaitioD  of  the  bodj  by  As- 
poaitioD  of  the  heart,  as  compared  with  quadnipeda ;  for  iu  the 
latter,  the  heart  ia  placed  directly  in  the  middle  of  the  chest, 
with  the  point  towaidl  the  abdomen,  and  not  occupying  any 
portion  of  the  diaphn^m  ;  bnt  ia  man,  the  heart  lie*  obliqndy 
on  the  diaphragm,  with  the  apex  turned  towards  the  leA  nde. 
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^4.  Distribution  of  Hlood-vessds. 

In  the  distribution  of  the  arteries  in  the  animal 
system,  we  meet  with  numberleee  proofs  of  wise 
and  provident  arrangement.  The  great  trunks 
of  both  arteries  and  reins,  which  carry  on  the 
circulation  in  the  limbs,  are  conducted  always 
an  the  interior  sides,  and  along  the  interior 
angles  of  the  joints,  and  generally  seek  the 
protection  of  the  adjacent  bones.  Grooves  are 
formed  in  many  of  the  bones,  where  arteries 
are  lodged,  with  the  evident  intention  of  afford- 
ing them  a  more  -secure  passage.  Thus  the 
principal  arteries  which  supply  the  muscles  of- 
the  chest,  proceed  along  the  lower  edges  of 
the  ribs,  in  deep  iiirrows  formed  for  their  pro- 
tection. Arterira  are  often  still  more  effectually 
guarded  {^inst  injury  or  obstruction  by  pass- 
ing through  complete  tubes  of  solid  bone.  An 
instance  occurs  in  the  arteries  supplying  the 
teeth,  which  pass  along  a  channel  in  the  lower 
jaw,  excavated  through  the  whole  length  of  the 
bone.  The  aorta  in  fishes,  after  having  supplied 
arteries-  to  the  viscera  of  the  abdomen,  is  con- 
tinued to  the  tail,  and  passes  through  a  channel, 
formed  by  bony  processes  -from  the  vertehree ; 
and  the  same  kind  of  protection  is  afforded 
to  the  corresponding  artery  in  the  Cetacea.    In 
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the  fore  1^  of  the  Lion,  which  is  employed 
in  actions  of  prodigious  strength,  the  artery, 
without  some  especial  proTlsion,  would  have 
been  in  danger  of  b^ng  compressed  by  the 
violent  contractions  of  the  muscles :  in  order, 
therefore,  to  guard  agamst  this  inconvenieace,  it 
is  made  to  pass  through  a  perforation  in  the 
btme  itself,  where  it  is  completely  secure  from 
pressure.* 

The  energy  of  erery  fimctioa  is  regulated 
in  a  great  measure  by  the  quantity  oi  blood 
which  the  organs  exerciung  that  function  re- 
ceive. The  muscles  employed  in  the  nuiflt 
vigorous  actions  are  always  found  to  receive 
the  latest  share  of  blood.  It  is  commonly 
observed  that  the  right  fore  leg  of  quadrupeds, 
as  well  as  the  right  arm  in  man,  is  atKXiget 
than  the  1^.  Much  of  this  superior  strength 
is,  no  doubt,  the  result  of  education ;  the  right 
arm  being  habitually  more  used  than  the  left 
But  still  the  different  mode  in  which  the  arteries 
are  distributed  to  the  two  arms  cautitntes  a 
natural  source  of  inequality.  The  artery  sup*- 
plying  Uie  right  arm  wiUi  blood  is  ^e  tint 
which  arises  £rom  the  aorta,  and  it  proceeds 
in  a  more  direct  course  from  the  heart  than 
the  artery  of  the  1^  ann,  whicj^  has  its 
origin  in  comm<m  with  the  artery  of  that  aide 

*  In  like  matmer  the  coffin  bone  of  the  Horse  is  perforated 
fsr  Jtbe  Bxfc  Qontejuicfl  of  the  arteiieB  going  to  the  foot. 
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of  the  head.  Heuce  it  has  been  inferred  that 
the  right  arm  is  originally  better  supplied  vith 
nourishment  than  the  left.  It  may  be  alleged, 
in  confirmation  of  this  view,  that  in  birds,  where 
any  inequality  in  the  actions  of  the  two  winga 
would  have  disturbed  the  regularity  of  flight, 
the  aorta,  when  it  has  arrived  at  the  centre  of 
the  chest,  divides  with  perfect  equality  into  two 
branches,  bo  that  both  wings  receive  precisely 
the  same  quautity  of  blood  ;  and  the  muscleB> 
being  thus  equally  nouriafaed,  preserve  that 
equality  of  strength,  which  their  function  rigidly 


When  a  large  quantity  of  blood  is  wanted  in 
aiiy  particular  oi^an,  and  yet  the  force  with 
which  it  would  arrive,  if  sent  immediately  by 
laige  arteries,  might  injure  the  t^tnre  of  that 
organ,  contrivances  are  adt^rted  for  diminishing 
its  impetus,  either  by  making  the  arteries  pursue 
very  winding  and  circnitous  paths,  or  by  sub- 
dividing ihem,  before  they  reach  their  destinatioD, 
into  a  great  number  of  smaller  arteries.  The 
delicate  texture  of  the  brain,  for  instance,  would 
be  greatly  injured  by  the  blood  being  impelled 
with  any  considerable  force  against  the  sides  of 
the  vessds  which'are  distributed  to  it ;  and  yet 
a  vay  large  supply  of  blood  is  required  by  that 
ai|^n  for  the  dne  performance  of  its  Unctions. 
Accordii^ly  we  find  that  all  the  arteries  which 
go  to  the  brain  are  very  tortuous  in  their  coarse ; 
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every  flexure  tending  considerably  to  diminish 
the  force  of  the  current  of  blood. 
'  In  animals  that  graze,  and  keep  their  heads 
for  a  long  time  in  a  dependent  position,  the 
danger  from  an  excessive  impetus  is  the  blood 
flowing  towards  the  head  is  much  greater  than 
in  other  animals;  and  we  find  that  an  ex- 
traordinary provision  is  made  to  obviate  this 
danger.  The  arteries  which  supply  the  brain; 
on  their  entrance  into  the  basis  of  the  skull, 
suddenly  divide  into  a  great  nnmber  of  mi- 
nnte  branches,  forming  a  complicated  net-woric 
of  vessels,  an  arrangement  which,  on  the  well 
known  principles  of  hydraulics,  must  greatly 
check  the  velocity  of  the  blood  conducted 
through  them.  That  such  is  the  real  ptirpose 
of  this  structure  is  evident  horn  the  branches 
afterwards  uniting  into  larger  trunks  when  they 
have  entered  the  brun,  through  the  substance  of 
which  they  are  then  distributed  exactly  as  in 
other  animals,  where  no  such  previous  sub- 
division takes  place. 

In  the  Bradyptts  tridactylus,  or  great  Ame- 
rican Sloth,  an  animal  remarkable  for  the  slow- 
ness of  its  movements,  a  plan  somewhat  ana- 
logous to  the  former  is  adopted  in  the  structure 
of  the  arteries  of  the  limbs.  .  These  arteries,  at 
their  entrance  into  both  the  upper  and  lower  ex- 
tremities, suddenly  divide  into  a  great  number 
of  cylindric  vessels  of  equal  size,  communicating 
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in  Tarioas  places  by  collaterar  branches.  These 
cnriously  subdivided  arteries  are  exclusiTdy 
distributed  to  the  muscles  of  tbe  limbs ;  for  all 
the  other  arteries  of  the  body  branch  off  in  the 
msual  manner.  This  structure,  which  was  dis- 
coyered  by  Sir  A.  Carlide,*  is  not  confined  to 
t^e  Sloth,  but  is  met  with  in  other  animals,  as 
the  Lemur  tardigradus,  and  the  Lemur  lorist 
which  resemble  the  sloth  in  the  extreme  slug- 
giflfaiiess  of  their  movements.  It  is  extremely 
probable,  therefore,  that  this  peculiarity  in  the 
muscular  power  results  from,  or  is  at  least  in 
some  way  connected  with  this  remarkable  struc- 
ture in  the  arteries.  In  the  Lion,  and  some  other 
beasts  of  pr^,  a  similar  construction  is  adopted 
in  the  arteries  of  the  t^ead,  probably  with  a  view 
to  confer  a  power  of  more  permanent  coutrac* 
tion  in  the  muscles  of  the  jaws  for  holding  a 
strong  animal,  such  as  a  buffalo,  and  carrying  it 
to  a  distance. 

That  we  may  form  an  adequate  conception 
of  the  immense  power  of  the  ventricle,  or  prime 
mover  in  the  circulation  of  the  blood,  we  have 
but  to  reflect  on  tbe  numerous  obstacles  im- 
peding its  passage  through  tbe  arterial  system. 
There  is,  first,  the  natural  elasticity  of  the 
coats  of  the  arteries,  which  must  be  overcome 
before  any  blood  can  enter  them.     Secondly, 

■  Phil.  Trans,  for  1800,  p.  98,  and  for  1804,  p.  17. 


t:GooqIc 

•        A 


286  THE  VITAL  PUNCTIONfl. 

the  arteries  &re,  in  most  places,  so  connected 
with  many  heavy  parts  of  the  body,  that  thar 
dilatation  cannot  be  effected  without,  at  the  same 
time,  communicating  motion  to  them.  Thus, 
when  we  sit  croes-l^^ed,  the  pulsation  of  the 
artery  in  the  ham,  which  is  pressed  upon  the 
knee  of  the  other  \eg,  is  sqffidently  strong  to 
raise  the  whole  leg  and  foot,  at  each  beat  of  the 
pulse.  If  we  consider  the  great  weight  of  the 
leg,  and  reflect  upon  the  length  of  the  lever  by 
which  that  Weight  acts,  we  shall  be  c<mvinced  of 
the  prodigious  foroe  which  is  actually  exerted  by 
the  current  of  blood  in  the  artery  in  thus  raising 
the  whole  limb.  Thirdly,  the  winding  course, 
which  the  blood  is  fiH-ced  to  take,  in  ft^lowing 
fdl  the  oblique  and  serp^itine  flexures  of  the 
arteries,  must  greatly  impede  its  motion.  Bnt 
notwithstanding  these  namerous  and  pow»1(aI 
impediments,  the  force  of  the  heart  is  so  great, 
that,  in  defiance  of  all  obstacles  or  causes  of 
retardation,  it  drives  the  blood  with  immense  ve- 
locity into  the  aorta.  The  ventricle  of  the  human 
heart  does  not  ccmtain  more  than  an  ounce  of 
blood,  and  it  contracts  at  least  seventy  times  in 
a  minute ;  so  that  above  three  hundred  pounds  of 
blood  are  passing  through  this  organ  during 
every  hour  that  we  live.  "  Consider,"  says  Paley, 
"  what  an  affair  this  is  when  we  come  to  very 
large  animals.  The  aorta  of  a  whale  is  larger  in 
the  bore  than  the  main  pipe  of  the  water-works 


oy  Go  ogle 


VALVES  OF  THE  VEINS.  287 

at  London  Bridge ;  and  the  water  roaring  in  its 
passage  through  that  pipe  is  inferiw  in  im- 
petus and  veloci^  to  the  blood  gushing  through 
the  whale's  heart.  An  anatomist  who  under- 
stood the  stmctore  of  the  heart,  might  say  before- 
hand that  it  would  play ;  but  he  would  expect, 
irom  the  complexity  of  its  mechanism,  and  the 
ddicacy  of  many  of  its  parts,  that  it  should  always 
be  liable  to  derangema>t,  or  that  it  would  soon 
yrark.  itaelf  out.  Vet  shall  this  wonderiul  ma- 
ehine  go  on,  night  and  day,  for  eighty  years 
together,  at  the  tote  of  a  hundred  thousand 
strokes  every  twenty-four  hours,  having  at  every 
stroke  a  greet  resistance  to  overcome,  and  shall 
continue  this  action,  for  this,  length  of  time, 
wiUiont  disorder  and  without  weariness.  To 
liiose  who  venture  their  lives  in  a  ship*  it  has 
irffaen  been  said  that  there  is  ooly  a  plank  be- 
tween them  and  destruction  ;  but  in  the  body, 
and  especially  in  the  arterial  system,  there  is 
in  numy  parts  only  a  membrane,  a  skin,  a 
thread."  Yet  how  well  has  every  part  been 
guarded  6»m  injury :  how  providentially  have 
accidents  been  anticipated:  how  skilfiiUy  has 
dalDger  been  averted ! 

The  impulse  which  tfae  heart,  by  its  powerful 
contraction,  gives  to  the  Maod,  is  nearly  ex- 
pended by  the  time  it  has  reached  the  veins: 
natvire  has  acctHfdingly  fiirniidied  them  with 
numerous  valves,  all  evening,  of  course,  in  a 
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direction  towards  the  heart;  so  that,  as  long  m 
the  blood  proceeds  in  its  natural  course,  it  meets 
with  no  impediment ;  while  a  retn^rade  motioq 
is  effectually  prevented.     Hence  external  pres- 
sure, occasion^ly  applied  to  the  veins,  assists  in 
promoting  the  flow  of  blood  to> 
wards  the  heart;  and  hence  the 
effects  of  exercise  in  accelerating 
the  circulation.     Valves  are  more 
especially  provided  in  the  veins 
which  pass  over  the  muscles  of  the 
extremities,  or  which  mn  imme- 
diately beneath  the  skin;  whiis 
they  are  not  found  in  the  mora 
internal  veins  belonging  to  tl)9 
viscera,   which  are   less  exposed  to   unequaf 
pressure.    These  valves  are  delineated  in  Fig, 
365,  which  represents  the  interior  of  one  of  the 
large  veins. 

The  situation  and  structure  of  the  valves  bfrr 
longing  to  the  hydraulic  apparatus  of  the  circu- 
lation furnish  as  unequivocal  proo&  of  design  a» 
any  that  can  be  adduced.  It  was  the  oba^rran 
tion  of  these  valves  that  first  suggested  to  the 
mind  of  Harvey  the  train  of  reflexions  which  led 
him  to  the  discovery  of  the  real  course  of  the 
blood  in  the  veins,  the  arteries  and  the  heart. 
This  great  discovery  was  one  of  the  eaHiest 
fmits  of  the  active  and  rational  spirit  of  inquiry, 
which  at  the  era  of  Bacon's  writings,  was  be- 
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ginning  to  awaken  the  human  mind  from  its 
loDg  night  of  Blumber,  and  to  dissipate  the 
darkness  which  had,  for  so  many  ages,  over- 
shadowed the  r^ons  of  philosophy  and  science. 
We  cannot  but  feel  a  pride,  as  Englishmen,  in 
die  recollection,  that  a  discovery  of  such  vast 
importance  as  that  of  the  circulation  of  the 
blood,  which  has  led  to  all  the  modern  improve- 
ments in  the  medical  art,  was  made  by  our  own 
countryman,  whose  name  wiU  for  ever  live  in  the 
annals  of  our  rac^  as  one  of  its  most  distin- 
gui^ed  bene^tors.  The  consideration,  also, 
that  it  had  its  source  in  the  study  of  compara- 
tive anatomy  and  physiol<^,  affords  us  a  con- 
vincing proof  of  the  great  advantage  that  may 
result  from  the  cultivation  of  those  sciences ;  tt> 
which  Nature,  indeed,  eeema,  in  this  instance, 
expressly  to  have  invited  us,  by  displa3ring  to 
OUT  view,  in  the  organs  of  the  circulation,  an 
endless  diversity  of  combinations,  as  if  she  had 
^rposely  designed  to  elucidate  their  relations 
with  the  vital  powers,  and  to  assist  our  invest 
tigtOions  of  the  kws  of  organized  beings. 
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^  1 .  RtspiralioH  in  GeHerai. 

The  action  of  atmoBphfuic  air  is  equally  Decesi-' 
aaiy  for  the  mainteDance  of  animal,  aa  of  jego-'- 
table  life ;  and  as  the  aBCending  sap  of  the  oaei 
cannot  be  perfected  unless  exposed  to  the  che- 
mical agency  of  air  in  the  leaTes,  in  like  manner 
the  blood  of  animals  requires  the  perpetual  xeua^ 
ration  of  its  rital  properties  by  the  purifyii^  inr, 
flurace  of  respiration.  The  great  importanoe  o£ 
this  function  is  evinced  by  the  constant  proviaioii 
which  has  been  made  by  Nature,  in  every  olasK 
af  animals,  for  bringing  each  portion  of  thsin 
nutritive  juifies,  in  its  turn,  into  contact  with  aiiv 
Even  the  oirculaUon  of  these  juices  is  an  object 
of  iilfmor  impcHrtance,  compared  with  their 
(^ration;  for  we  find  that  insects,  which  have 
but  an  imperfect  and  partial  circulation  of  their 
blood,  still  require  the  free  introduction  of  air 
into  every  part  of  their  system.  The  necessity 
for  air  is  more  urgent  than  the  demand  for  food  ; 
many  animals  being  capable  of  subeiMing  for  a 
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CMiffideraye  time  without  noari^ment,  but  all 
^teedily  pushing  when  depmed  of  air.  The 
influeDce  of  this  element  is  requisite  as  well  for 
the  production  and  derelopement,  as  for  the  coa- 
tinuance  of  oi^nized  beonga  in  a  \ijiag  state. 
Ko  Tegetable  seed  will  germinate,  nor  will  any 
tgg,  eren  of  the  smallest  insect,  give  birth  to  a 
larva,  if  kept  in  a  perfect  vacuum.  Experiments 
on  this  subject  have  been  varied  and  multiplied 
irithout  end  by  Spallanzani,  who  found  that 
HHeete  under  an  lur  pump,  confined  in  raritied 
air,  in  general  lived  for  shwter  pcsiods  in  pro- 
portion to  the  degree  to  which  the  exhaustion  of 
air  had  been  carried.  Those  species  of  iufii- 
flovia,  which  are  most  tenacious  of  life,  lived  ia 
very  rarefied  air  for  above  a  month :  others 
perisbed  in  fourteen,  eleven,  or  eight  days ;  and 
•ome  in  two  days  only.  In  this  imperfect 
vacuum,  they  were  seen  still  to  continue  their 
aecustomed  evolutions,  wbeding  in  circles,  dart- 
ing to  the  surface,  or  diving  to  the  bottmn  of  the 
fluids  and  producing  .vwtices  by  the  r^id  vibra- 
tten  of  their  cilia,  to  catch  the  floating  particle^ 
Hffaich  serve  as  tb«r  fiM>d:  in  course  of  time,, 
bmrever,  they  invariably  gave  indications  of  uu- 
eaainesB;  their  movements  became  languid,  a^ 
general  relaxaticai  ensued,  and  they  at  length 
expired.  But  when  the  vacuum  was  rend««d 
perfect,  nime  of  the  infusions  of  animal  or  vege- 
tfiHe  substances,  which,  under  ordinary  circnm- 
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Stances,  soon  swann  with  millions  of  these  micro- 
scopic beings,  ever  exhibited  a  single  animal- 
cule ;  although  these  soon  made  their  appearance 
in  great  numbers,  if  the  smallest  quantity  of  air 
was  admitted  into  the  receiTer. 

Animals  which  inhabit  the  waters,  and  remain 
constantly  under  its  suiface,  such  as  fishes,  and 
the  greater  number  of  moUusca,  are  necessarily 
precluded  from  receiving  the  direct  action  of 
atmospheric  air  in  its  gaseous  state.  But  as  all 
water  exposed  to  the  air  soon  absorbs  it  in  large 
quantities,  it  becomes  the  medium  by  which  that 
agent  is  applied  to  the  respiratory  oi^ans  <^ 
aquatic  animals ;  and  the  oxygen  it  contains  may 
ttiug  act  upon  the  blood  with  considerable  effect ; 
though  not,  perhaps,  to  the  same  extent  as  when 
directly  applied  in  a  gaseous  state.  The  ur 
which  la  present  in  water  is,  accordingly,  as 
necessary  to  these  animals  as  the  air  of  the 
atmosphere  is  to  those  which  live  on  laud :  faence 
in  our  inquiries  into  the  respiration  of  aquatic 
animals,  it  will  be  sufficient  to  trace  the  means 
by  which  the  sunx>unding  water  is  allowed  to 
have  access  to  the  organs  a^ropriated  to  this 
function ;  and  in  speaking  of  the  action  of  the 
water  upon  them,  it  will  always  be  understood' 
that  I  refer  to  the  action  of  the  atmospheric  air 
which  that  water  contains. 

Re6ptrati<m,  in  its  different  modes,  may  be 
distinguished,  accordii^  to  the  nature  of  the 
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medium  which  is  breathed,  into  aquatic  or  atmos- 
pheric ;  and  Id  the  former  case,  it  is  either  cuta~ 
neous,  or  branchial,  according  as  the  respiratory 
organs  are  external  or  internal.  Atmospheric 
respiration,  again,  is  either  tracheal,  or  pulmo- 
nary, according  as  the  air  is  received  by  a 
system  of  air  tubes,  or  trachea,  or  into  puhno- 
nary  cavities,  or  lungs. 


^2.  Aquatic  Retpiration, 

Zoophytes  appear  in  general  to  be  unprovided 
with  any  distinct  channels  for  conveying  aerated 
water  into  the  interior  of  their  bodies,  so  that  it 
may  act  in  succession  on  the  nutritive  juices, 
and  after  performing  this  office,  may  be  expelled, 
and  exchanged  for  a  fresh  supply.  It  has  ac- 
cordingly been  conjectured,  on  the  presumption 
that  this  function  is  equally  necessary  to  them 
as  it  is  to  all  other  animals,  that  the  vivifying 
ittfluence  of  the  surrounding  element  is  exerted 
liirough  the  medium  of  the  surfece  of  the  body. 
Thus  it  is  very  possible  that  in  Polypi,  while  the 
iDteriOT  surface  of  the  sac  d^ests  the  food,  its 
external  surface  may  perform  the  office  of  res- 
{^ration :  and  no  otiier  mode  of  accomplishing 
this  function  has  been  distinctly  traced  in  the 
Acalepha.  Medusae,  indeed;  appear  to  have  a 
farther  object    than    mere    progression    in   the 
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alternate  expansions  and  contractions  of  tiie 
floating  ei^es  of  their  hemispherical  bodies ;  for 
these  movements  are  performed  with  great  rega- 
larity  under  all  circumstances  of  rest  or  moti<Hi ; 
and  they  continue  even  when  the  animal  is  taken 
out  of  the  water  and  laid  on  the  ground,  as  long 
as  it  retains  its  vitality.  The  specific  name  of 
the  Medusa  pulmo*  (the  Pulmone  Marino  of  die 
Italians),  is  derived  from  the  supposed  resem- 
blance of  these  movements  to  those  of  the  lungs 
of  breathing  animals.  The  large  cavities  ad- 
jacent to  the  stomach,  and  which  have  been 
already  pointed  out  in  Fig.  249  and  ftdSit  have 
been  conjectured  to  be  respiratory  organs,  chiefly, 
I  believe,  because  they  are  not  known  to  serve 
any  other  purpose. 

The  Entozoa,  in  like  manner,  present  no  ap- 
pearance of  internal  respirattny  organs ;  so  that 
they  probably  receive  die  influence  of  osyg^i 
•nly  through  the  medium  of  the  juices  of  the 
animals  on  which  they  subsist.  Phnaria,  which 
have  a  more  independent  existence,  though  en-^ 
dowed  with  a  system  of  circulating  vessels,  havd 
no  internal  respiratory  organs;  and  whatever 
respiration  they  perform  must  be  wholly  cuta- 
neous.   Such  is  also  the  condition  of  several  of 


*  Se«  the  delineation  of  thii  animal  in  Fig.  135,  vol.  i.  p.  ?76. 
t  Pages  86  and  87  of  thii  Tolnme. 
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the  umpler  kinds  of  AmteU^i  bat  in  those 
whiofa  are  more  highly  (xpauied,  an  apparatus 
is  pFOTided  for  respiration,  which  is  wholly  ex- 
ternal to  the  body,  and  appears  as  an  appendage 
to  it,  consistiDg  generally  of  tufls  of  projecting 
fibres,  branchii^  like  a  plume  of  featiiers,  and 
floating  in  the  surrounding  fluid.  The  Lum- 
briau  marinus,  or  lob-worm,*  for  example,  has 
two  rows  of  branchial  organs  of  this  description, 
(me  on  each  side  of  the  body ;  each  row  being 
composed  of  from  fourteen  to  sixteea  tuAs.  In 
the  more  stationary  Annelida,  which  inhabit 
f^aloareons  tubes*  as  the  Serpula  and  the  Teredo, 
these  arborescent  tufis  are  protected  by  a  sheath, 
which  envelopes  their  roots ;  and  they  are  placed 
on  the  head,  as  being  the  only  part  which  cranes 
in  contact  with  the  water. 

Most  of  the  smaller  Crustacea  have  branchiae 
in  the  form  of  feathery  tufts,  attached  to  the 
paddles  near  the  tail,  and  kept  in  incessant 
vilmttory  motion,  which  gives  an  appetu-ance  of 
great  liveliness  to  the  animal,  and  is  more 
e^>ecially  striking  in  the  microscopic  species. 
The  variety  of  shapes  which  these  organs  assume 
in  different  tribes  is  too  great  to  allow  trf  any 
specific  description  of  th^n  in  this  place :  but 

"  Arenicola  pJKatorum  (I^m,).  See  a  delineation  of  thi( 
marine  worm  m  Fig;.  135,  vol.  i.  p.  276. 
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amidet  these  varietieB  it  is  sufficiently  i 
that  their  constnicticn  has  been,  in  all  cases,  de- 
sired to  obtain  a  considerable  extent  of  surfoce 
over  which  the  minute  subdivisions  of  the  blood- 
■  vessels' might  be  spread,  In  order  to  expose  them- 
fully  to  the  action  of  aerated  water. 

The  Mollu^a,  also,  present  great  divowty  la 
the  forms  of  their  respiratory  organs,  although 
they  are  all,  with  but  a  few  exceptions,  ad^tted 
to  aquatic  respiration.  In  many  of  the  tribes 
which  have  no  shdl,  as  the  ThetiUt  the  Doris,  and 
the  Tritonia,  there  are  arborescent  gills  projecting 
from  different  parts  of  the  body,  and  floating  in 
the  water.  In  the  Leptu,  or  barnacle,  a  curious 
family,  constituting  a  connecting  link  betwe^i 
molluscous  and  articulated  animals,  these  orgUH 
are  attached  to  the  bases  of  the  cirrhi,  or  jointed 
tentacula,  which  are  kept  in  constant  motion, 
in  order  to  obtain  the  full  action  of  the  water  <m 
the  blood-vessels  they  contain. 

We  are  next  to  consid^  the  extensive  series 
of  aquatic  animals  in  which  respiration  is  carried 
on  by  o^ans  situated  in  the  interior  of  the  body. 
The  first  example  of  int^nal  aquatic  respiratiao 
occurs  in  the  Holotkuria,  where  there  is  an 
organ  composed  of  ramified  tubes,  situated  in  a 
cavity  communicating  with  the  ■  intestine,  and 
having  fm  external  opening  .for  the  admission  of 
the  aerated  water,  which  is  brought  to  act  on  a 
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r  net-work,  containiiig  the  nutritiTe  juices 
of  the  animal,  ^id  apparently  perfonoing  a 
partial  circnlation  of  thoee  jnicee.  A  still  mare 
con^Ucat^  system  of  re^iratory  channels 
ooewB,  both  in  the  Echinus  and  Astenas,  where 
they  open  by  separate,  but  rery  minute  orifices, 
distinct  froiA  the  laiger  apertures  tfarSugh  which 
the  feet  protrude ;  and  the  water  admitted 
through  these  tubes  is  allowed  to  p^tueate  the 
g<»eral  cavity  of  the  body,  and  is  thus  brought 
into  contact  with  all  the  organs. 

The  animals  composing  the  family  of  Aaadiee 
have  a  large  respiratory  cavity,  receiving  the 
water  from  without,  and  having  its  sides  lined 
vrith  a  membrane,  which  is  thrown  into  a  great 
number  of  folds;  thus  considerably  extending 
the  surfece  on  which  the  water  is  designed  to 
act.  The  ^itrance  into  the  cesophagus,  or  true 
mouth,  is  situated  at  the  bottom  of  this  cTavity ; 
that  is,  at  the  part  most  remote  fi^m  the  ex- 
ternal orifice ;  so  that  all  the  food  has  to  pass 
through  the  respiratory  cavity,  before  it  can 
be  swallowed,  and  received  into  the  stomach. 

In  several  of  the  Anndida,  also,  we  find  in- 
ternal oigans  of  respiration.  The  Lumhricua  ter- 
reatris,  or  common  earth-worm,  has  a  single  row 
of  apertures,  about  120  in  number,  placed  along 
the  hack.,  and  opening  between  the  segments  o£ 
the  body :   they  each  lead  into  a  respiratory 
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vesicle,  Htimted  between  the  integument  ftad  the 
inteBtine.*  The  Leech  has  sixteen  minute  ori- 
fices of  this  kind  on  each  side  of  the  body,  tun- 
ing intern^y  into  the  same  number  of  otcU  cellfl^ 
which  are  respiratory  cavities ;  the  water  passing 
both  in  and  out  by  the  same  (»ificcs.t 

Tlie  Aphrodila  aculeata  has  thirty-two  orifiGes 
on  each  side,  placed  in  rows,  opening  into  one 
la^e  respimtory  sac,  which  is  situated  immedi- 
ately under  the  muscles  of  the  back,  but  sepa- 
rated by  a  membrane  firom  the  abdominal  carity. 
Projecting  into  this  sac,  are  seen  several  mem- 
bianous  vesicles,  fifteen  in  number  on  each 
side,  which  have  no  external  opening,  but  which 
receive,  on  the  inner  part,  the  ends  of  certain 
tubes,  or  ceeca,  sent  ctf  firom  the  intestinal  canal  ; 
so  that  the  nutriment  is  aerated  almost  as  soon 
as  it  is  prepared  by  the  digeedTC  organs.^ 
-  In  all  the  higher  classes  of  aquatic  animals, 
where  tlie  circulation  is  carried  on  by  means 
of  a  muscular  heart,  and  whore  the  whdie  of 
the  blood  is  subjected,  daring  its  dicuit,  to  the 

'  *'  A  MiBulc  deiGTi|ition  of  theac  orgtni  ii  ffraa  by  BAorran,  in 
pages  53  and  148  of  bis  work  already  quoted. 

t  The  blood  after  being  aerated  in  these  cells,  is  conveyed 
into  the  lai^  lateral  vessels,  by  means  of  canals,  which  pass 
tfanffrersely,  fortnii^  loops,  situated  between  tbe  cmx  of  the 
ttoimch.  llMse  loops  aie  studded  with  an  imimaBwe  aninbeT  of 
small  rounded  bodies  of  a  glandular  appearance,  resemUing  those 
which  convey  tbe  vente  cavte  of  the  cephalopoda, 
t  Home,  Philoi.  Trans,  for  1815,  p.  259. 
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action  of  the  aerated  water,  the  immediate  organs 
ef  reepiration  consist  of  long,  narrow  filaments 
m  the  form  of  a  fringe,  and  the  blood-Tesaels 
belcnging  to  the  respiratory  S3^teiil  are  exten- 
sively dietributed  orer  the  whole  Borface  of  these 
filaments.  Organs  of  this  descripticm  are  deno- 
minated Sranchite,  or  Gills;  and  the  arteriee 
which  bring  the  blood  to  them  are  called  the 
branchial  arteries;  the  reins,  which  convey  it 
back,  being,  of  course,  the  branchial  tmns. 

The  lai^er  Crvatacea  have  their  branchise 
situated  on  the  under  side  of  the  body,  not  only 
in  order  to  obtain  protection  firom  the  carapace, 
which  is  folded  over  them,  hot  also  for  the  sake 
of  being  attached  to  the  haunches  of  the  feet- 
jaws,  and  thoracic  feet,  and  thus  participating  in 
Hie  movem^its  of  those  organs.  They  may  be 
seen  in  the  Lobster,  or  in  the  Cr<d>,  by  raising 
the  lower  edge  of  the  carapace.  The  farm  iji 
each  branchial  lamina  is  shown  at  6,  in  Fig. 
954* :  they  consist  of  aasemblagcs  of  many 
thousands  of  minute  filaments,  proceeding  from. 
their  respective  stems,  like  the  fibres  of  a  feather ; 
and  each  group  having  a  triangnlar,  or  pyra- 
midal figure.  The  niunber  of  these  pyramidal 
bodies  varies  in  the  different  genera ;  thus  the 
Lobster  has  twenty-two,  disposed  in  rows  on 
each'  side  of  the  body ;  but  in  the  Crab,  there 

*  Page  369  of  thii  volume. 
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are  only  seven  on  each  «de.  To  these  oi^ans 
are  attached  short  and  flat  paddles,  which  are 
moved  by  appropriate  muscles,  and  are  kept  in 
mcrasant  motion,  -producing  strong  currents  of. 
vater,  evidraitly  for  the  purpose  of  obtaining  the 
lull  action  of  the  element  on  every  portim  of  the 
surface  of  the  branchiae. 

In  the  greater  number  of  MoUusca,  these  im- 
portant oigans,  although  external  with  respect 
to  the  viscera,  are  within  the  shell,  and  are 
generally  situated  near  its  outer  mai^n.  They 
are  ctnuposed  of  paralld  filaments,  arranged  like 
the  teeth  of  a  fine  comb ;  and  an  opming  existe 
in  the  mouth  for  admitting  the  water  which  is 
to  act  upon  them.*  In  the  Gasteropoda,  of 
inhabitants  of  univalve  shells,  this  opening  is 
usually  wide.  In  the  Acqahala,  or  bivalve  mai- 
lusca,  the  gills  are  spread  out,  in  the  form  of 
lamina,  round  the  margin  of  the  shell,  as  is 
exempUfied  in  the  oyster,  where  it  is  commonly 
known  by  the  name  of  beard.      The  aerated 

*  These  filaments  appear,  in  maoy  ioBtancee,  to  have  the 
power  of  prodocing  currenta  of  water  in  their  vicinitj  by  tfa* 
action  of  minute  cilia,  similar  to  thote  belonging  to  the  teotacalt 
of  many  polypi,  where  the  same  phenomenon  is  obserrable. 
Thus  if  one  of  the  branchial  filaments  of  the  fresh  water  muscle 
be  cut  across,  the  detached  portion  will  be  seen  to  adYiince  in 
the  flnid  by  a  spontaneous  motion,  like  the  tentaciUwn  of  a 
polype,  under  the  same  circumstances.  Similar  currents  of 
water,  according  to  the  recent  observations  of  Mr.  Lister,  and 
apparently  determined  by  the  same  mechanism  of  vibratory  cilia, 
take  place  in  the  brancfaial  sac  ot  Aacidiss. 
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water  is  admitted  through  a  fissure  in  the 
mouth,  and  when  it  has  performed  its  office 
in  reepiratioD,  is  usually  expelled  by  a  sepa- 
rate opening;.  The  part  of  the  mouth  through 
which  the  water  is  admitted  to  the  branchiae  is 
aometimee  prolonged,  forming  a  tube,  open  at 
the  extremity,  and  at  all  times  allowing  fiiee 
ingress  and  egress  to  the  water,  even  when  the 
animal  has  withdrawn  its  body  wholly  within 
its  shell.  Sometimes  one,  and  sometimes  two 
tubes  of  this  kind  are  met  with ;  and  they  are 
often  protected  by  a  tubular  portion  of  sheU,  as 
is  seen  in  the  Murex,  Bucciman,  and  Stromhus  ,* 
in  other  instances  the  situation  of  the  tube  is 
only  mailed  by  a  deep  notch  in  the  edge  of  the 
shell.  In  those  moUusca  which  burrow  in  the 
sand,  this  tube  can  be  extended  to  a  considerable 
length,  so  as  to  reach  the  water,  which  is  alter- 
nately sucked  in  and  ejected  by  the  muscular 
action  of  the  month.  In  those  Acephala  which 
are  unprovided  with  any  tube  of  this  kind,  the 
mechanism  of  respiration  consists  simply  in  the 
opening  and  shutting  of  the  shell.  By  watch- 
ing them  attentively  we  may  perceive  that  the 
surrounding  water  is  moved  in  an  eddy  by  these 
actions,  and  that  the  current  is  kept  up  without 
interruption.  All  the  S^iee  have  their  gills  en- 
dosed  in  two  lateral  cavities,  which  commuai- 
cate  with  a  iunnel-shaped  opening  in  the  middle 
of  the  neck,  alternately  receiving  and  expelling 
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the  water  by  the  muacular  action  of  its  sides* 
The  fornoB  assumed  by  the  respiratory  organs  Iq 
this  class  are  eboost  infinitely  diveraified,  while 
the  general  design  of  their  arrangement  is  still 
the  same. 

As  we  rise  in  the  scale  of  animals,  the  respira- 
tory function  assumes  a  higher  importance.  In 
Fishes  the  gills  form  la^  oi^ns,  and  the  cott-> 
tinufiDce  of  their  action  is  more,  essential  to  life 
than  it  appears  to  be  in  any  of  the .  inferior 
classes :  they  are  situated,  as  is  well  known,  ott 
each  side  of  the  throat  in  the  immediate  Ticinity 
of  the  heart.     Their  usual  form  is  shown  at  g  o» 


Fig.  366,  where  ttiey  are  re[we8Mted  on  one  side 
only,  but  in  their  relative  situations  with  respect 
to  the  auricle  (d),  and  ventricle  (e),  of  the  Imrt;, 
the  bulbus  arteriosus  (b),  and  the  branchial  ar- 
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tery  (f).  They  have  the  same  iringed  Btnicture 
m  io  the  nu^ueoa,  the  fibres  being  set  close  to 
each  other,  like  the  barbs  of  a  featfaear,  or  the 
teeth  of  a  fine  cnnb*  aod  being  attached,  ou  each 
aide  of  the  throat,  in  double  rows,  to  the  convex 
margins  of  four  cartilaginous  or  osseous  arches, 
which  are  th^ms^ves  connected  with  the  jaws 
by  the  bone  called  the  os  hyoUies.  The  mode  of 
their  articuladou  is  such  as  to  allow  each  arch 
to  have  a  unall  motion  forwards,  by  which  they 
are  aepfurated  irorn  one  another ;  and  by  moving 
backwards  they  are  again  brought  together. 
or  coUapeed.  Each  filament  contains  a  slender 
plate  of  cartilage,  giving  it  mechanical  sup- 
port, and  enabling  it  to  preserve  its  shape 
white. moYcd^  hy  the  streams  of  water  which 
are  perpetually  rushing  past.  When  their  but- 
fviee  are  still  more  minutely  examined,  they 
are  found  to  be  covered  with  innumerable 
minute  processes,  crowded  tf^ther  like  the  pile 
of  velvet ;  uid  on  these  are  distributed  myriads 
of  blood-vessels,  spread,  Uke  a  delicate  net -work, 
over  every  part  of  the  surface.  The  whole 
extent  of  this  surface  exposed  to  the  action  of 
the  aerated  wfrter,  by  these  thickly  set  filamei^^ 
mu^  be  exceedingly  great.* 

A  laige  flap,  termed  the  Operculum,  extends 
fXT&t  the  whole  organ,  defending  it  from  iDJory, 

*  D[.  Monro  compuUd  that  in  the  skate,  the  surface  of  the 
gills  11,  at  the  leaat,  eqaal  to  the  whole  surface  of  the  haman 
body. 
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and  leaving  b^ow  a  wide  fissure  for  the  escape 
of  the  water,  which  has  performed  its  t^ce  in  res- 
piration. For  this  purpose  the  wat^  is  taken  in 
by  the  mouth,  and  forced  by  the  muscles  of  the 
throat  through  the  apertures  which  lead  to  the 
branchial  cavitira :  in  this  action  the  branchial 
arches  are  brought  forwards  and  separated  to  a 
certain  distance  irom  each  other ;  and  the  rush 
of  water  through  them  unfolds  and  separatee 
each  of  the  thousand  minute  filamraits  of  the 
branchise,  so  that  they  all  receive  the  iull  action 
of  that  fluid  as  it  passes  by  them.  Such  appears 
to  be  the  principal  mechanical  object  of  the  act 
of  respiration  in  this  class  of  animals ;  and  it  is 
an  object  that  require  the  co-operatioa  <^  a 
liquid  such  as  water,  capable  of  acting  by  its 
impulsive  momentum  in  expanding  every  part 
of  the  apparatus  on  which  the  blood  vessels  are 
distributed.  When  a  fish  is  taken  out  of  the 
water,  this  efiect  can  no  longer  be  produced ;  in  ' 
vain  the  animal  reiterates  its  utmost  efibrts  to 
raise  the  branchiee,  and  relieve  the  sense  oi 
sufibcation  it  experiences  in  consequence  of  ibe 
general  collapse  of  the  filaments  of  those  o^ans, 
which  adhere  together  in  a  mass,  and  can  no 
longer  receive  the  vivifying  influence  of  oxygen*. 

*  It  hu  been  generally  stated  by  phyuologiats,  even  of  the 
higheat  authority,  such  as  Cuvier,  that  the  principal  reaoon  why 
fishet  cannot  maintain  life,  when  surrounded  by  air  instead  of 
water,  is  that  the  bnnchite  become  dry,  and  loee  the  power  of 
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De^h  is,  in  like-  maaner,  the  coosequence  of 
a  li^ture  pteaed  round  the  fish,  and  preventing 
the  eKpantton  of  the  Iwanchite  and  the  motion  of 
the  tq/erctUa. 

In  all  DSseooB  fiahee  the  opening  under  the 
vfMiZDttkim  for  the  exit  of  the  respired  water,  is 
»  oimpie  fisBure;  but  in  most  of  the  cartilaginous 
thbes,  there  is  no  operculum,  and  the  water 
«eoapeB  through  a  series  of  apertures  in  the 
•icte  of  the  throat.  Shades  have  five  oblong 
prifices  of  this  deecriptioD,  as  may  be  seen  in 
Fig.  367t. 

A&  the  Lamprey  employs  its  moutb  more  con> 
atantly  than  other  fish  in  laying  hold  of  its  prey, 
And  adhering  to  other  bodies,  the  organs  of  res* 
piration  are  so  constructed  as  to  be  independent 
vi  the  mouth  in  receiving  the  water.  There  are 
amen  external  opoiings  on  each  aide  (Fig.  308), 
leadug  into  the  same  number  of  separate  oral 
lioudbea,  sibiatcd  horizontally,  and  the  inner 
mevArane  of  whicfa  has  the  same  structure 
M  gills :   these  pouches  are  eeea  on  a  larger 

ftcting  when  thus  deprived  of  their  natural  moistare :  for  it  might 
^t^stiwe  nMarelly  be  expected  that  the  oxjgen  of  atmospheric 
^.wfwld  exert  a  more  powerful  action  on  the  blood  which  cir- 
culates in  the  branchice,  than  that  of  merely  aerated  water. 
The  rectification  of  this  em>r  is  due  to  Flourens,  who  poioted 
out  the  true  cause  of  suffocation,  stated  in  the  text,  in  a  Memoir 
anthbd  "  ExpMencei  nir  le  Hichasisme  de  la  Rapiration  des 
PotHOBs." — Aimalet  des  Sciences  Naturelles,  xz,  5. 

t  They  are  also  visible  in  Fig.  393,  (page  166),  which  is  that 
aitka.SquaUuprutu,  a  species  belot^ag  lo  this  tribe, 
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scale  than  in  the  preceding  figure,  in  Fig.  309t 
There  is  also  an  equal  number  of  iotenuil 
openings,  seen  in  the  lower  part  of  thi»  lt»t 
figure,  leading  into  a  tube,  the  lower  end  of 
which  is  closed,  and  the  upper  terminates  by 
a  firinged  edge  in  the  cesophagus.  The  w«ter 
which  is  received  by  the  sev^i  lateral  openingGb 
enters  at  one  side,  and  Eifter  it  has  acted  upw  the 
gills,  paasee  round  the  [urojecting  membcaa«a- 
The  greater  part  makes  its  exit  by  the  same 
orifices;  but  a  portion  escapes  into  the  middip 
tube,  and  thence  passes,  either  into,  the  other 
cavitieB,  or  into  the  oesophagus*. 
.  In  the  Mjfxine,  which  feeds  upon  the  interual 
parts  of  its  prey,  and  buries  its  head  and  port 
of  its  body  in  the  flesh,  the  openii^  of  tile 
respiratory  organs  are  removed  sufficiently  i^r 
firom  the  head  to  admit  of  respiration  going  on 
whUe  the  animal  is  so  employed ;  and  there  aj^ 
only  two  external  openings,  and  six  lat^wl 
poaches  on  each  side,  with  tubes  mmilar  to  those 
in  the  lamprey.  ; 

The  Perca  scaudem  (Daldoiir)t»  which  is  a 
fish  inhaUting  the  seas  of  India,  has  a  T«?y 
-remarkable  structure  adapting  it  to  the  ntMfi- 

*  It  wu  commoaly  luppoaed  that  the  respntd  water  b  ejected 
through  the  oottril :  but  this  is  cenaiiily  a  mUtalie,  ias  fbe 
ofM^l  hu  no  oommuoicatioD  with  the  mouth,  aa  wMipainted 
out  b;  Sir  &  Home.  Phil.  Trao*.  for  1815,  p.  359.  Th^se 
(H^na  have  aba  been  deicribed  by  bloch  and  Gaertnei. 

i  Antkiat  testHi&neu*  (Bloch) :  Aitabtu  (Cuv.)  ,.   . 


t:  Go  Ogle 


RESPIRATION  IN  FISHES.  307 

tenanbe  6f  respiration,  and  consequently  to  the 
support  of  life  for  a  considerable  time  vhen  oilt 
of  the  water :  and  hebce  it  is  said  occasionally 
to  trarel  on  land  to  some  dbtance  frcHn  the 
coast*,  llie  pharyngeal  bones  of  this  fish  hate 
a  filiated  and  cellular  structure,  which  givas 
them  a  capacity  for  retaining  a  sufficient  quan- 
tity of  water,  nbt  only  to  keep  the  gills  inoist, 
but  also  to  enable  them  to  perform  their  proper 
offioe ;  while  not  a  partide  of  water  is  suffered 
to  escape  from  them,  by  the  opercula  being 
accurately  closed. 

The  same  faculty,  resulting  from  a  similar 
structure,  is  possessed  by  the  Ophicepkalus, 
which  is  also  met  with  in  the  lakes  and  rivers  of 
India  and  China.  Eels  are  enabled  to  carry  on 
respiration  when  out  of  water,  for  a  certain 
^)eriod,  in  consequence  of  the  narrowness  of  the 
aperture  for  the  exit  of  the  water  from  the  bran- 
chial cavity,  which  enables  it  to  be  closed,  and 
the  water  to  be  retained  in  that  cavity.f 

I  have  already  stated  that,  in  all  aquatic  ani- 
mals, the  water  which  is  breathed  is  merely  the 
vehicle  by  which  the  air  it  contains  is  brought 
into  contact  with  the  organs  of  respiration.    This 

*  This  peculiar  faculty  hai  been  already  alluded  to  in 
Tohnne  i,  p.  433. 

1-  Dr.  Han(»)ck  statei  that  the  Dorai  cottatfu,  {Silunu  cof- 
'  latui,  Linn.)  or  Hauar,  in  very  dry  seasong,  is  Mnietimee  seen, 
in  great  numben,  making  long  marches  over  land,  in  search  of 
water.     Edin.  Pbil.  Jonmal,  xx.  396. 
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air  is  constantly  vitiated  by  tlie  respiration  of 
these  animals,  and  requires  to  be  renewed  by 
the  absorption  of  a  fresh  portion,  which  can 
only  take  place  when  the  water  freely  comma- 
nicafes  with  the  atmosphere :  and  if  this  renewal 
be  by  any  means  prevented,  the  water  is  no 
longer  capable  of  sustaining  life.  Fishes  are 
killed  in  a  very  few  hours,  if  confined  in  a 
limited  portion  of  water,  which  has  no  access 
to  fresh  air.  When  many  fishes  are  enclosed  in 
a  narrow  vessel,  they  all  struggle  for  the  upper- 
most place,  (where  the  atmospheric  air  is  first 
absorbed,)  like  the  unfortunate  men  imprisoned 
in  the  black-bole  at  Calcutta.  When  a  «naU 
fish-pond  is  frozen  over,  the  fishes  soon  peri^, 
unless  holes  be  broken  in  the  ice,  in  order  to 
admit  air :  they  may  be  seen  flocking  towards 
these  holes,  in  order  to  receive  the  benefit  of 
die  fre^  air  as  it  is  absorbed  by  the  water; 
and  so  great  is  their  eagerness  on  these  occa- 
sions, that  they  ofi^n  allow  themselves  to  be 
caught  by  the  hand.  Water,  from  which  all 
air  has  been  extracted,  eitlier  by  the  air-pump, 
or  by  boiling,  is  to  fishes  what  a  vacuum  is  to 
a  breathing  terrestrial  animal.  Humboldt  and 
Provencal  made  a  series  of  experiments  on  the 
quantities  of  Mr  which  fishes  require  fortheir  res- 
piration. Tliey  found  that  river-water  generally 
contains  about  one  36th  of  its  bulk  of  air,  of 
which  quantity  one-third  consists  of  oxygen. 
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being  about  one  per  cenf.  of  the  whole  volume. 
A  teach  is  able  to  breathe  when  the  quantity  of 
oxygen  is  reduced  to  the  5000th  part  of  the  bulk 
of  the  water,  but  bood  becomes  exceedingly 
feeble  by  the  privation  of  this  neoessary  ele- 
ment The  fact,  however,  shows  the  admirable 
perfection  of  the  oi^ans  of  this  fish,  which  can 
extract  so  minute  a  quantity  of  air  from  water 
to  which  that  air  adheres  with  great  tenacity*. 

*  The  BwiKiiniiig;  bladder  of  fishea  is  regarded  by  many  of  the 
German  naturalists  as  having  gome  relations  whh  the  respiratory 
fiuKtion,  and  as  being  the  radinient  of  tha  pulmonary  cavity 
of  land  aaimab ;  the  passage  of  communication  with  the  oeso- 
phagus being  conceived  to  represent  the  trachea.  The  air  con- 
tained in  the  strimniing  bladder  of  fishes  has  been  examined  by 
many  chemists,  but  although  it  is  generally  found  to  be  a  mixture 
of  oxygen  aad  nitrogen,  the  proportion  in  vhich  these  gases  exist 
is  observed  to  vary  considerably.  Btot  concluded  from  his  expe- 
riments, that  in  the  air-bladder  of  fishes  inhabiting  the  greatest 
depths  of  the  ocean,  the  quantity  of  oxygen  is  greater,  while  in 
tiwM  of  fishes  which  cone  often  to  the  surface,  the  nitrogen  ■• 
more  abundant;  and  De  la  Roche  came  to  the  same  conclusion 
from  his  researches  on  the  fishes  of  the  Mediterranean.  From  the 
experiments  of  Humboldt  and  Provencal,  on  the  other  hand,  we 
may  conclude,  that  the  quality  of  the  air  contained  in  the  air- 
hljddar  is  but  lamotely  connected  with  resiHration.  (M^moiiet 
de  la  SocieU  d'Arcueil,  ii,  359.) 

According  to  Ehrmann,  the  Cobitis,  or  Loche,  occasionally 
swallows  air,  which  is  decomposed  in  the  alimentary  canal,  and 
offiiets  a  diange  in  the  blood-vessels,  with  which  it  is  brought 
in^.  cooUct,  exactly  similar  to  that  which  occurs  in  ordinary 
respiration.  It  is  also  believed  that  in  all  fishes  a  partial  aeration 
of  the  blood  is  the  result  of  a  similar  action,  taking  place  at  the 
Mrface  of  the  body  under  the  scales  of  the  internments.  Cuvier, 
aw  IcB  PoiuMU,  I,  383. 
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^  3.  Atmospheric  Resptration. 

The  next  series  of  structures  which  are-to  come 
under  oar  review,  comprehends  all  those  adapted 
to  the  respiration  of  atmoepheric  air  in  its 
gaseous  form ;  and  their  physiology  is  no  lew 
diversified  tlian  that  of  the  oigans  by  which 
water  is  respired. 

Air  may  be  respired  by  trachetB,  or  by  pul- 
monary cavities ;  the  first  mode  is  exemplified  in 
insects ;  the  second  is  that  adopted  in  the  larger 
terrestrial  animals. 

The  greater  part  of  the  blood  of  insects  beii^ 
difibsed  by  transudation  through  every  internal 
organ  of  their  bodies,  and  a  small  p<»tioo  oaly 
being  enclosed  in  vessels,  and  circulating  in  them, 
tlie  salutary  influence  of  the  air  could  not  have 
been  generally  extended  to  that  fluid  by  any  of 
tJke  ordinary  modes  of  res^ration,  where  the 
function  is  carried  <m  in  an  organ  of  Umited  extent. 
As  the  blood  could  not  be  iHought  to  the  air,  it 
became  necessary,  therefore,  that  the  air  should 
be  broD^ht  to  the  blood.  For  this  purpose  there 
has  been  provided,  in  all  insects,  a  syvbem  of 
continuous  and  ramified  vessels,  called  traduce, 
distributing  air  to  every  part  of  Che  body.  The 
external  orifices,  from  which  these  air. tubes 
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commence,  arc  called  spiracles,  or  stigmata,  and 
are  usually  situated  in   rows  on  each  side  of 


4l»e  body,  as  is  shown  in  Pig.  370,  which  repre- 
'  'sente  the  lower  abdominal  surface  of  the  U^tis- 

:«w  marginalit.    They  are  seen  yery  distinctly 

'in  libe  caterpillar,  which  has  generally  ten  on 
''eaiih  «ide,  corresponding  to  the  number  of  abdo- 
'utlnal  segments.     In  many  insects  we  find  them 

■i^attled  by  bristles,  or  tufts  of  hair,  and  some- 

'tines  by  valves,  placed  at  the  orifice,  to  prevoit 
'the  entrance  of  extraneous  bodies.  The  spira- 
^«tr8  are  opened  and  closed  by  muscles  provided 

^r  that  purpose.  Fig.  37 1  is  a  magnified  view 
I  'of 'Spiracles  of  this  description,  from  the  Ceram- 

'•^ij^x  herva.  (Fab.)  They  are  the  beginnings  of 
'■i^ort  tubes,  which  open  into  large  trunks  (as 

j^Mwn  in  Fig.  372),  extending  longitudinally 
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on  each  Bide,  and  eendii^  off  radiating  branches 
from  the  parts  which  are  opposite  to  the  spi- 
racles ;  and  these  branches  are  further'  subdi- 
vided, in  the  same  manner  as  the  arteries  of  the 
larger  animals,  so  that  Uieir  minute  ramifications 
pervade  every  oi^n  in  the  body.  This  ramified 
distribution  has  frequently  occasioned  their 
being  mistaken  for  blood  vessels.  In  the  wings 
of  insects  the  nervures,  which  have  the  appear- 
ance of  veins,  are  only  large  air-tubes.  Jurine 
asserts  that  it  is  by  forcing  air  into  these  tubes 
that  the  insect  is  enabled  suddenly  to  expand 
the  wings  in  preparing  them  for  flight,  giving 
them  by  this  means  greater  buoyancy  as  well  as 
tension. 

The  tracheee  are  kept  continually  pervious  by 
a  curious  mechanism  ;  they  are  formed  (>f  three' 
coats,  the  external  and  internal  of  which  are 
membranous ;  but  the  middle  coat  is  constructad 
of  an  elastic  thread  coiled  into  a  helix,  or  cylin- 
drical spiral  (as  seen  in  Fig.  372) ;  and  the 
elasticity  of  this  thread  keeps  the  tube  constantly 
in  a  state  of  expansion,  and  therefore  full  of  air. 
.When  examined  under  water,  the  trachece  have  a 
shining  silvery  appearance,  from  the  air  they 
contaia.  This  structure  has  a  remarkable  ana-- 
l<^;y  with  that  of  the  air  vessels  of  plants,  which 
also  bear  the  name  of  tracheae  ;  and  in  both 
similar  variations  are  observed  in  the  contexture 
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of  tke  dasHc  weulwana  by  which  they  are  kept 
perrious.* 

Thetrachete,  in  many  parts  of  their  course,  pre- 
sent renoarkable  dilatations,  which  apparently 
serve  as  reservoirs  of  air ;  Ui^  are  very  conspi- 
CU0IUI  in  the  Diftiseus  marginalU,  which  resides 
principally  ia  water ;  but  they  also  exist  in 
many  insects,  as  the  Melolontka  and  the  Ceram- 
byxt  which  live  wholly  in  the  air.'t  Those  <£ 
the  Seolia  bortorum  (Fab.)  are  delineated  in 
Fig.  373,  c<Misid0ttbly  magnified. 

If  an  insect  be  immersed  in  water,  air  will  be 
seen  escaping  in  minute  bubbles  at  each  spi> 
racle ;  and  in  proportion  as  the  water  enters  into 
the  tubes,  the  sensibility  is  destroyed.  If  all  the 
8(«racles  be  closed  by  oil,  or  any  otha-  unctuous 
substance,  the  insect  immediately  dies  of  suf- 
focation ;  but  if  some  ci  them  be  left  open, 
respiration  is  kept  up  to  a  considerable  extent, 
iiom  the  numerous  communications  which  exist 
amcug  the  air  v^sels.  Insects  soon  perish  when 
placed  in  the  receiver  of  an  air-pump,  and  the 


■  Accotdiag  to  the  observation  of  Dr.  Kidd  tbese  vesteli  are 
oiteD  Bnnular  in  insects,  as  is  also  the  case  with  those  of  plants. 
He  considers  the  longitudinal  tracheee  as  connecting  channels, 
by  which  the  insect  is  enabled  to  direct  the  air  to  particular  parts 
for  occasional  purposes.     Phil,  Trans,  for  1325,  p.  234. 

t  Uon  Oufour,  Annales  dea  Sciences  Naturellea;  riii.  26. 

\  Ibid  p.  232. 
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air  exbaugted ;  bat  th^  are  generally  mote  it- 
nacious  of  life  under  these  circumBtanoea  ihto 
the  la^er  animate,  and  often,  after  being  ftf^- 
rently  dead,  rerire  on  the  readmission  of  air. 

Aqnatic  insects  have  tracheee,  like  thofe  Ining 
in  air,  and  are  frequently  provided  with  tabeB, 
vbich  are  of  sufficient  length  to  reach  the  rarr 
face  of  the  water,  where  they  absorb  air  for  res- 
piration. In  a  few  tribes  a  complicated  mode 
of  respiration  is  practised ;  aerated  water  is 
taken  into  the  body,  and  introduced  into  cavities, 
when  the  air  is  extracted  from  it,  and  trans- 
mitted by  the  ordinary  trachee  to  the  different 
parts  of  the  system.* 

Such,  then,  is  the  extensive  apparatus  for 
aeration  in  animals,  which  have  either  no  circu- 
lation of  their  nutritious  juices,  or  a  very  im- 
perfect one ;  but  no  sooner  do  we  arrive  at  the 
examination  of  animals  possessing  an  enlarged 
system  of  blood  vessels,  than  we  find  nature 
abandoning  the  system  of  tracheee,  and  employ- 
ing more  simple  means  of  effecting  the  aeration 

*  Mr.  Dutrochet  conceives  that  the  principle  on  which  thii 
operation  is  conducted  is  the  aame  with  that  by  which  gases  are 
reciprocally  transmitted  tliTOugh  moistened  membranes;  as  in 
the  experiments  of  Humboldt  and  Gay  Lussac,  whn,  on  encloMng 
mixtures  of  oxygen,  nitrogen,  and  carbonic  acid  gases,  in  any 
proportion,  in  a  membranous  bladder,  which  was  then  immersed 
in  aerated  water,  found  that  there  is  a  reciprocal  transit  of 
the  gases :  until  at  length  pure  atmospheric  air  remains  \a  the 
cavity  of  the  bladder. 
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of  the  blood.  Advantage  is  taken  of  the  facility 
ofibrded  by  tbe  blood-Tessels  of  transmitting  th 
bloqd  to  particular  oi^ans,  where  it  may  con 
veniently  receire  the  influence  of  the  air.  Th» 
Scor|)ionB  are  provided,  on  each  «de  of  th 
.thorax,  with  four  pulmonary  cavities,  seen  at  v, 
OD^heleft  side  of  Pig.  374,  into  each  of  which 


hir  is  admitted  by  a  separate  external  opening. 
*,  B,  is  the  dorsal  vessel,  which  is  connected  with 
the  pulmonary  cavities  by  means  of  two  sets  of 
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muBdes,  the  one  set  (h,  h)  being  longer  than  the 
other  (m,  m,  m).  The  branchial  arteries  (t)  are 
seen  ramifying  over  the  inner  sor&ce  of  the  pul- 
monary cavities  (a)  on  the  right  side,  wbeooe 
the  blood  is  conveyed  by  a  correqwrndiog  set  of 
branchial  veins  to  the  dorsal  vessel ;  and  other 
vessels,  which  are  ordinary  veins,  are  seen  at  o, 
proceeding  from  the  abdominal  cavity  to  join  the 
dorsal  vessel.  The  membrane  which  lines  the 
pulmonary  cavities  is  curiously  plaited,  present- 
ing the  appearance  of  the  teeth  of  a  comb,  and 
partaking  of  the  structure  of  gills ;  and  on  this 
account  these  organs  are  termed  by  Latreille 
pnetano-brcatckitB.  Organs  of  a  similar  descrip- 
tion exist  in  Spiders,  some  species  having  eight, 
others  four,  and  some  only  two:  but  there  is 
one  entire  order  of  Arachnida  which  respire  by 
means  of  tracheee,  and  in  these  the  circulation 
Ib  as  imperfect  as  it  is  in  insects. 

It  may  here  be  remarked  that  an  essential  dif- 
ference exists  in  the  structure  of  the  respiratory 
organs,  according  to  the  nature  of  the  medium 
which  is  to  act  upon  them :  for  in  aquatic  res- 
piration the  air  contained  in  water  is  made  to 
act  on  the  blood  circulating  in  vessels  which 
ramify  on  the  external  surface  of  the  filaments 
of  the  gills ;  while  in  atmospheric  respiration 
the  air  in  its  gaseous  state  is  always  received 
into  cavities,  on  the  internal  surface  of  which  the 
blood-vessels,  intended  to  receive  its  influence, 
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are  difltributed.  It  is  not  difficult  to  assi^  ttie 
final  e&vEe  of  this  change  of-  plan  (  for  in  each 
case  the  structure  is  accommodated  to  the  me- 
chanical properties  of  the  medium^  respired.  A 
liquid,  being  inelastic  and  ponderous,  is  adapted, 
by  ita  moiif<entnm  alone,  to  separate  and  sur- 
round the  loose  floating  filamoits  composing  the 
1»anchiK ;  but  a  light  gaseous  fluid,  like  air,  is 
on  the  contrary,  better  fitted  to  expand  dilatable 
cavities  into  which  it  may  be  introduced. 

Occanonally,  however,  it  is  found  that  oi^ns 
constructed  like  branchise,  and  usually  perform- 
ing aquatic  respiration,  can  be  adapted  to  respire 
air.  This  is  the  case  with  some  species  of  Crus- 
tacea, of  the  order  Decapoda,  such  as  the  Crab, 
which,  by  means  of  a  peculiar  apparatus,  dis- 
corered  by  Audouin  and  Milne  Cdwards,  retain 
a  quantity  of  water  in  the  branchial  cavity  so  as 
to  enable  them  to  live  a  very  long  time  out  of  the 
water.  It  is  only  in  their  mature  state  of  de- 
velopement,  however,  that  they  are  qualified  for 
this  amphibious  existence,  for  at  an  early  period 
of  growth  they  can  live  only  in  water. 

There  is  an  entire  order  of  Gasteropodous 
Mollusca  which  breathe  atmospheric  air  by 
means  of  pulmonary  cavities.  This  is  the  case 
with  the  Limaa;,  or  slug,  and  also  with  the 
HeUx,  or  snail,  the  Te»tacella,  the  Clausilia, 
and  many  others,  which,  though  partial  to  moist 
eitnations,  are,  from  the  conformation  of  their 
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respiratory  organs,  eteentially  land  animato.  Hie 
fur  is  received  by  a  round  aperture  near  the 
head,  guarded  by  a  sphincter  muscle,  which  is 
seen  to  dilate  (M"  contract  as  occasioa  may  re- 
quire, but  which  is  sometimes  completely  con- 
cealed from  view  by  the  mouth  folding  over  it. 
The  cavity,  to  which  this  opening  leads,  is  lined 
with  a  membrane  delicately  folded,  and  over- 
spread with  a  beautiful  net-work  of  pulmon^ 
vessels.  Other  ibollusca  of  the  same  order, 
which  are  more  a4uattc  in  their  habits,  have 
yet  a  similar  structure,  and  are  obliged  at  in- 
tervals to  come  to  the  surface  of  the  water  in 
order  to  breathe  atmospheric  air :  this  is  the 
case  with  the  Onchidivm,  the  Platmrbis^  the 
Lywiuea,  &c.  '  ' 

The  structure  of  the  pulmonary  organs  be- 
comes gradually  more  refined  and  complicated 
as  we  ascend  to  the  higher  classes  of  animals. 
In  all  vertebrated  terrestrial  animals  they  are 
called  luHgs,  and  consist  of  an  assemblage  of 
vesicles,  into  which  the  air  is  admitted  by  a 
tube,  called  the  trachea,  or  wind-pipe,  extendii^ 
downwards  from  the  back  of  the  mouth,  parallel 
to  the  cesophagus.  Great  care  is  taken  to  guard 
the  b^;inning  of  this  passage  from  the  intruslan 
of  any  solid  or  liquid  that  may  be  swallowed.  A 
cartilaginous  valve,  termed  the  epiglottis,  is 
gena^lly  provided  for  this  purpose,  which  is 
made  to  descend  by  the  action  of  the  same 
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miKcles  that  perform  deglutitiout  and  which 
then  closes  accurately  the  entrance  into  the  air- 
tube.  It  is  an  exceedingly  beautiful  contrivr 
aoce,  both  as  to  the  simplicity  of  the  mechaaiHii, 
and  the  accuracy  'with  which  it  accomplishes 
the  purpose  of  its  formation.  At  the  upper 
part  of  the  chest  the  trachea  divides  into  two 
branches,  called  the  bronchia,  passing  to  the 
lungs  cm  either  side.  Both  the  wind-pipe  and 
the  bronchia  are  prevented  from  closing  by  the 
int^position  of  a  series  of  firm  cartilaginous 
ringlets,  int^posed  between  their  inner  and 
outer  coats,  and  {daced  at  small  and  equal  dia- 
t^ces  from  one  another.  The  natural  elasticity 
of  these  ringlets  tends  to  keep  the  sides  of  the 
tube  stretched,  and  causes  it  to  remain  open : 
it  is  a  structure  very  analogous  to  that  of  the 
trachea  of  insects,  or  of  the  vessels  of  the  same 
iian^e  in  plants. 

The  lungs  of  Reptiles  consist  of  lai^e  sacs, 
into  the  cavity  of  which  the  bnmchia,  proceed- 
ing from  the,  bifurcation  of  the  trachea,  open  at 
once,  and  without  further  subdiviuoo.  Cells  are 
formed  within  the  sides  of  this  great  cavity,  by 
,iine.  membranous  partitions,  as  thin  and  delicate 
.as  soap  bubbles.  The  lungs  of  serpents  have 
.scarcely  any  of  these  partitions,  but  consist  of 
one  s^ple  pulmonary  sac,  situated  on  the  right 
«ide,  having  the  slender  elongated  form  of  all 
ffjj^.  other   viscera,  and   extending  neariy  the 
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whole  length  of  the  body.  The  lung  <hi  the  left 
side  is  in  §;eoeral  acEtfcely  diBcemiUe,  being 
Tery  imperfectly  developed.  In  the  cham^oa 
the  lungB  have  numerous  proceaaes  which  pro- 
ject from  them  like  cceca.  In  the  Sauria,  the 
lungs  are  more  confined  to  the  thoracic  region, 
and  are  more  completely  cellular. 

The  mechanism,  by  which,  in  these  anianla, 
the  air  is  forced  into  the  lungs,  is  exceedingly 
peculiar,  and  was  for  a  long  time  a  subject  ot 
controT^By.  If  we  take  a  frog  as  an  example, 
and  watoh  its  respiration,  we  cannot  readily  dts* 
cover  that  it  breathes  at  all,  for  it  never  opena 
its  mouth  to  receive  air,  and  there  is  no  motion 
of  the  sides  to  indicate  that  it  re^res ;  and 
yet,  on  any  sudden  alarm,  we  see  the  animal 
blowing  itself  up,  as  if  by  some  internal  power, 
though  its  mouth  all  the  whiie  continues  to  be 
closed.  We  may  perceive,  however,  that  its 
thn»t  is  in  frequent  motion,  as  if  the  frog  were 
ectmomising  its  moathful  of  air,  and  transi^iing 
it  backwards  and  forwards  betweoi  its  month 
and  lungs ;  but  if  we  direct  our  attottifm  to  the 
nostrils,  we  may  obserre  in  Aem  a  twiriing 
motion,  at  each  movem^it  of  the  jaws;  for  h  is, 
in  feet,  through  the  nostrils  that  the  frog  received 
all  the  air  which  it  breathes.  The  jaws  are 
never  opened  but  for  eating,  and  the  sides  of 
the  mouth  form  a  swt  of  bellofra,  of  which  the 
nostrils  are  the  inlets ;   and  by  their  alternate 
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contraction  and  relaxation  the  air  is  swallowed, 
and  forced  into  the  trachea,-  eo  as  to  inflate  the 
hings.  If  the  mouth  of  a  frog  be  forcibly  kept 
open,  it  can  no  longer  breathe,  becwise  it  is 
deprived  of  the  power  of  swallowing  the  air 
required  for  that  function ;  and  if  its  nostrils  be 
closed,  it  is,  in  like  manner,  suffocated.  The 
re^iration  of  most  of  the  Reptile  tribes  is  per- 
formed in  a  similar  maimer ;  and  they  may  be 
said  rather  to  swallow  the  air  they  breathe,  than 
to  draw  it  in  by  any  expanuve  action  of  the 
parts  which  surround  the  cavity  of  lungs;  for 
even  the  ribs  of  serpents  contribute  but  little,  by 
their  motion,  to  this  effect,  being  chiefly  usefiil 
as  organs  of  progressive  motion. 

The  Chelonia  have  lungs  of  great .  extent, 
poBsing  backwards  under  the  carapace,  and 
reaching  to  the  postenor  part  ,of  the.abd<m>«a. 
TurtJfiB,  wl^ch  are  aquatic,  derive  great  Adyaa? 
tages  from  this  atructuk^,  which  .raabl^.  them 
to,  give,  buoyancy  to  their  body,  (encwnberetf  a* 
it  is  with  a  heavy  shell,)  by  introducing  into  it  a 
luge  Tolonw  of  air.;,jBo  .that  the,  lungs,  in.fact» 
serye.ibe  pntposesM  a  laige  swimming  bladder. 
That  this  use  was  contemplated  in  thoir.  struc- 
tuie  is  evuieat  from,  the  volume  of  air  reoeived 
V4f>  the  .lui^  being  much  greater  than  is  re- 
quired  for  the  aide.pucpose  of  respiration.  The 
sectio&.of  the  lun^  of  the  turtle  (F^.  375), 
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shows  their  interior  structure,  composed  of  large 
cells,  into  which  the  trachea  (t)  opens. 


Few  subjects  in  animal  physiology  are  more 
deserring  the  attention  of  those  whose  object  is 
to  trace  the  operations  of  nature  in  the  pn^res* 
siTe  devdopement  of  the  organs,  than  the 
chEUiges  which  occur  in  the  evolution  c^  tiic 
tadp(^e  from  the  time  it  leaves  the  egg  till  itr^ias 
attained  the  form  of  the  perfect  frog.  We  have 
already  had  occasion  to  notice  several  of  these 
transformations  in  the  organs  of  the  mechanical 
functions,  and  also  in  those  of  digestion  Emd 
circulation :  but  the  most  remarkable  of  all  are 
the  chai^^  occurring  in  the  respiratory  E^>pa- 
ratus,  corresponding  with  the  opposite  nature  of 
the  elements  which  the  same  animal  is  destined 
to  inhabit  in  the  different  stages  of  its  existence. 
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No  leas  than  three  seta  of  organs  are  provided 
for  re^iration;  the  two  first  being  branchiae; 
adapted  to  the  fish>like  condition  of  the  tadpole, 
and  the  last  being  pulmonary  cavities,  for  re- 
ceiving air,  to  be  employed  when  the  animal 
exchanges  its  aquatic  for  its  terrestrial  life.  It 
is  exceedingly  iDterestiog  to  observe  that  this 
animal  at  first  breathes  by  gills,  which  project 
in  an  arborescent  form  from  the  sides  of  the 
neck,  and  float  in  the  water;  but  that  these 
structures  are  merely  temporary,  being  provided 
only  to  meet  the  immediate  exigency  of  the 
occasion,  and  being  raised  at  a  period  when 
none  of  the  internal  organs  are  as  yet  perfected. 
As  soon  as  another  set  of  gills,  situated  inter- 
nelly,  can  be  constructed,  and  are  ready  to 
admit  the  circulating  blood,  the  external  gills 
aere  superseded  in  their  office ;  they  now  shrivel, 
and  are  removed,  and  the  tadpole  performs  its 
respiration  by  means  of  branchiee,  formed  on  tbe 
model  of  those  of  fishes,  and  acting  by  a  similar 
mechanism.  By  the  time  that  the  system  has 
nndei^ne  the  changes  necessary  for  its  conver- 
eson  into  the  frog,  a  new  apparatus  has  become 
evolved  for  the  respiration  of  air.  These  are  the 
hings,  which  gradually  coming  into  play,  direct 
tbe  current  of  blood  frcnn  the  branchise,  and  take 
vp«n  themselves  the  whole  of  the  office  of  res- 
piration. The  branchise,  in  their  turn,  become 
,  are  soon  obliterated,  and  leave  no  other 
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trace  of  their  former  existence  than  the  original 
divisiffli  of  the  arterial  tninks,  which  had  nip- 
plied  them  with  blood  directly  from  the  heart, 
but  which,  now  uniting  in  the  back,  form  the 
descending  aorta.* 

There  is  a  small  family,  called  the  Peretmi- 
bramihia,  belonging  to  this  class,  which,  instead 
of  undergoing  all  the  changes  I  have  been  des- 
cribing, jn«sent,  during  their  whole  lires,  a  great 
similitude  to  the  first  stage  of  the  tadpole.  This 
is  the  case  with  the  Axoiotl,  the  Proteus  angvi- 
nus,  the  Siren  hwertina,  and  the  Menohranchus 
lateralis,  which  permanently  retain  their  external 
gills,  while  at  tbe  same  time  they  possess  imper- 
fectly developed  lungs.  It  would  therefore  seem 
as  if,  in  these  animals,  the  prepress  of  develope- 
ment  had  been  arrested  at  an  early  stage,  so  that 
their  adult  state  corresponds  to  the  larva  condi- 
tion of  the  frog-t 

In  all  warm  blooded  animals  respiration  be- 
cranes  a  function  of  much  greater  importance, 

•  See  Fig.  357,  p.  274. 
-  t  OeoflTroySt.  Hilaire  thinks  tboeis^undfor  beliering  that 
Crocodiles  and  Turtles.  possMs,  in  additku  to  the  Mdimiy  pnl- 
monary  lespiration,  a  pariial  aquatic  abdomiDal  respiration, 
effected  by  means  of  the  two  channels  of  connnuQication  which 
have  been  found  to  exist  between  the  cavity  of  tbe  abdomen  and 
the  external  Buiface  ai  the  body :  aitd  also  that  some  analogy 
may  be  traced  between  this  aquatic  respiration  in  reptiles,  by 
^eae  peritoneal  canals,  and  the  supposed  function  of  the  swim- 
ming bladder  of  fishes,  in  subserviency  to  a  species  of  aerial  res- 
^ratioD. 
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the  coDtinaance  of  life  b«ng-  essenttally  depen- 
deirt  on  its  vigorous  and  unceaaing  exercise. 
The  whole  class  of  Mammalia  hare  lungs  of  ah 
OKceedingly  developed  structure,  Qompoted  of 
an  immense  number  of  minute  cells,  crowded 
togiether  as  closely  as  possible,  and  presenting  a 
vast  eSctent  of  internal  surface.  The  thorax,  or 
cavity  in  which  the  lungs,  together  with,  tiie 
heart  and  its  great  blood-vessels,  are  inclosed, 
has  somewhat  the  shape  of  a  cone ;  and  its  sides 
are  defended  irom  compresaiou  by  the  archn  of 
the  ribs,  which  extend  from  the  spine  to'  the 
steratun,  or  breast-bone,  and  produce  mechani- 
eal  support  on  the  same  principle  that  a  cask  is 
strengthened  by  being  girt  with  ho^>s,  which, 
though  composed  of  comparatively  weak  mate- 
nals,  are  yet  capable,  from  their  ciictdar  shape, 
of  preaeating  great  resistanee  to  any  compress- 
ing force. 

.  While  Natore  has  thus  guarded  the  chest,  with 
such  peculiar  solicitude,  against  the  efforts,  of 
any  external  force,  tending  to  diminish  its  ci^- 
dty.  she  has  made  ample  provision  for  enlai^;ing 
or  contracting  its  diameter  in  the  act  of  respira- 
tion. First,  at  the  lower  part,  or  that  which 
corresponds  to  the  basis  of  the  cnae,  the  only 
side,  indeed,  which  is  not  defended  by  bone, 
there  is  extended  a  thin  expansion,  partly  mus- 
cular, and  pfuily  tendinous,  forming  a  complete 
partition,  and  closing  the  cavity  of  the  chest  on 


t:  Go  ogle 


810  THE  VITAL  FUNCTIONS. 

the  side  neit  to  the  abdomra.  Thia  muscle  is 
called  the  Diaphragm :  it  is  perforated,  tilose  to 
its  origiB  firom  the  i^ine,  by  four  tubes,  n^xaiAy, 
the  oesophagus,  the  aorta,  the  Tena  cava,  and  the 
thoracic  duct.  Its  surface  is  not  flat,  but  omvex 
above,  or  towards  the  chest ;  and  the  direction  4^ 
its  fibres  is  such  that  when  they  contract  they 
bring  down  the  middle  part,  which  is  tendinous, 
and  render  it  more  flat  than  before,  (the  passs^e 
o£  the  four  tubes  already  mentioned,  not  inter- 
foring  with  this  action,)  and  thus  the  cavity  of 
the  thorax  may  be  considerably  enlai^^.  It  is 
obvioitt  that  if,  upon  the  descent  of  the  dift* 
phragm,  the  lungs  were  to  remain  in  th^  ori- 
ginal situation,  an  empty  space  would  be  leflt 
between  them  and  the  diaphragm.  But  no 
vacuum  can  take  place  in  the  body ;  the  air 
cells  of  the  lungs  must  always  contain,  even  in 
their  most  compressed  state,  a  certain  quantity 
of  air :  and  this  air  will  tend,  by  its  elasticity,  to 
expand  the  cdls;  the  lun^  will  consequoitly 
be  dilated,  and  will  continue  to  fill  the  chest ;  and 
the  external  air  will  rush  in  throi^h  the  trachea 
in  (urder  to  restrae  the  equilibrioDL  This  actiwk 
is  termed  inspiration.  The  air  is  again  thrown 
oat  when  the  diaphragm  is  relaxed,  and  pushed 
upwards,  by  the  action  of  the  laige  muscles  oS 
the  trunk ;  the  elasticity  of  the  sides  of  Uie 
chest,  cwicurring  also  in  the  same  effect ;  and 
thus  expiration  is  accomplished. 
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Hie  mnBcles  which  move  the  ribs  conspire 
also  to  produce  dilatations  and  contractions  of 
the  cavity  of  the  chest.  Each  rib  is  capable  of 
a  smtUI  d^ree  <hF  motion  on  that  extremity  by 
which  it  is  attached  to  the  spine ;  and  ihis  mo- 
tion, assuming  the  chest  to  be  in  the  erect  po«- 
tion,  as  in  man,  is  chiefly  upwards  and  down- 
wards. But,  since  the  incHnation  of  the  ribs  is 
such  that  their  lower  edges  form  acute  angles 
with  the  spine,  they  bend  downwards  as  thejr 
proceed  towards  the  breast ;  and  the  uppermost 
rib  being  a  fixed  point,  the  action  of  the  inter* 
costal  tnuscles,  which  produces  an  approximation 
of  the  ribs,  tends  to  raise  them,  and  to  bring  than 
mote  at  right  angles  with  the  spine ;  the  sternum 
also,  to  which  the  other  extremities  of  tite  ribs 
are  articulated,  is  elevated  by  this  motion,  and 
consequently  removed  to  a  greater  distance 
from  the  spine;  the  general  result  of  all  these 
actions  being  to  increase  the  capacity  of  the 
chest. 

Thus  there  are  two  ways  in  which  the  carity 
of  the  thorax  can  be  dilated ;  namely,  by  the 
Action  of  the  diaphragm,  and  by  the  action  of 
the  intercostal  muscles.  It  is  <miy  in  peculiar 
exigencies  that  the  whole  power  of  this  appa- 
ratus is  called  into  action ;  for  in  ordinary  res- 
piration the  diaphragm  is  the  chief  agent  em- 
iplayed,  and  the  principal  effect  of  the  action  of 
the  intercostal  muscles  is  simply  to  fix  the  ribs 
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and  thus  give  grater  purchase  to  the  diapbmgkn. 
The  muscles  of  the  ribs  are  employed  chiefly  ttt 
give  ^tive  assistance  to  the  diaphragm,  when, 
from  any-  cause,  a  difficulty  arises  in  dilating  the 
ofaesti  ' 

'In  Birds  the  m^cbaniBib  of  respiration  pro- 
ceeds upon  a  different  plan,  of  whidi  an  idea 
may  be  derived  from  the  view  given  of  the  lungs 


of  the  Ostrich,  at  l.  l.,  Fig.  377.  The  construe- 
tion  of  the  lungs  of  birds  is  such  as  not  to  admit 
of  any  change  in  their  diniensions ;  for  they  ate 
very  compact  in  their  texture,  and  are  so  closely 
braced  to  the  ribs,  and  upper  parts  of  the  Cheet, 


oy  Go  ogle 


BBBPIRATION  IN  BIRDS^ 


by  fifm  membraass,  as  to  preclude'  all  poasi- 
bHity  of  motion.  They  in  part,-  indeed,  pt«^ect 
behind  the  intervals  between  the  ribs,  so  that  theilr 
whole  mass  is  not  'altogether  contained  withili 
the  thoracic  caTity.  There  is  tio  large  muscular 
diaphragm  by  which  any  chahge  in  the  capacity 
of  the«hest  could  be  effected,  but  merely  a  few 
nanbw  slips  of  muscles,  arising  from  the  inner 
sides  of  the  ribs,  and  inserted  into  the  thin  trans- 
parent membrane  which  corers  tbe  lo*er  surface 
of  the  lun^.  They  hare  the  effect  of  lessening 
the  concavity  of  the  lungs  towards  the  abdomen, 
at  the  time  of  inspiration,  and  thereby  assist  in 
dilating  the  air-cells*.  The  bronchia,  ordiviaioua 
of  the  trachea  (t),  after  opening,  aS  usual,  into 
the  pulmonary  air-cells,  do  not  termmate  there, 
but  pass  on  to  the  surface  of  the  lungs,  where 
they  open  by  numerous  apertures.  The  air  is 
admitted,  through  these  apertures,  into  seyeral 
large  Mr-cells  (ccc),  which  occupy  a  consi- 
derable portion  of  the  body,  and  which  enclose 
most  of  the  large  viscera  contamed  in  the  ab- 
domen, such  as  the  liver,  the  stomadi,  and  the 
intestinest ;  and  there  are,  besides,  many  lateral 
cells   in    immediate    communication    with  the 

•  Hiia»er.  in  the  Animal  Economy,  p.  78. 

t  It  wn.  nueited  by  the  Paiieiao  Academicien.,  that  the  air 
got  admium  into  the  cavity  ot  the  pericardiam.  m  "hieh  Oie 
heart  is  lodged.  Thi.  error  wa.  Stat  pointed  out  by  Dr.  Ma- 
cartney, in  lUes'i  Cydoptedia^-Art.  Bird. 
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hii^,  and  extending  all  down  the  sides  of  the 
body.  NumerouB  air-cella  also  exist  between 
the  muscles,  and  underneath  the  skin  ;  and  the 
air  penetrates  even  into  the  interior  of  the  bones 
themselveB,  filling  the  spaces  usually  occupied 
by  the  marrow,  and  thus  contributing  materially 
to  the  lightness  of  the  fabric*.  All  these  cells 
are  very  la^e  and  numerous  in  birds  which 
perform  the  highest  and  most  rapid  flight,  such 
as  the  eagle.  The  bill  of  the  Toucan,  which  is 
of  a  cellular  structure,  and  also  the  cells  between 
the  plates  of  the  skull  in  the  Owl,  are,  in  like 
manner,  filled  with  air,  derived  from  the  lungs : 
the  barrels  of  the  la^e  quills  of  the  tails  and 
wings  are  also  supplied  with  air  from  the  same 
source. 

In  birds,  thai,  the  air  is  not  merely  received 
into  the  lungs,  but  actually  passes  through  them, 
being  drawn  forwards  by  the  muscles  of  the  ribs 
when  they  elevate  the  chest,  and  produce  an 
expansion  of  the  subjacent  air-cells.  The  chest 
is  depressed,  for  the  purpose  of  expiration,  by 
another  set  of  muscles,  and  the  air  driven  back : 
this  air,  consequently,  passes  a  second  time 
throi^  the  lungs,  and  acts  twice  on  the  blood 
which  circulates  in  those  organs.  It  is  evident 
that  if  the  lui^  of  birds  had  been  constructed 

*  Id  birds,  not  formed  for  extensive  flight,  as  the  gallinaceous 
tribes,  the  humerus  is  the  only  bone  into  which  air  is  introduced. 
— Hunlet  on  the  Animal  Economy,  p.  8J. 
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«D  the  plaD  of  those  of  quadrupeds,  they  must 
luLTe  been  tMrice  as  lai^e  to  obtain  the  same 
amoQUt  of  aeration  in  the  blood;  and  conse- 
quently must  have  been  twice  as  heavy,  which 
would  have  been  a  serious  inconvenieQce  in  an 
aniioal  £»med  for  flying*.  The  dtfiusion  of  so 
liuge  a.  quantity  of  air  throughout  the  body  of 
animals  of  this  class  presents  an  analogy  with 
a  similar  purpose  apparent  in  the  conformation 
of  insects,  where  the  same  object  is  effected  by 
means  of  tracheset- 

Thus  has  the  mechanism  of  respiration  been 
varied  in  the  different  classes  of  animals,  and 
adapted  to  the  particular  element,  and  mode  of 
life  designed  fur  each.  Combined  with  the 
peculiar  mode  of  circulation,  it  affords  a  tole- 
rably accurate  criterion  of  the  energy  of  the 

'  I  mnit  msntion,  however,  that  the  coirectoess  of  this  view 
of  the  subject  is  contested  by  Dr.  Macartney,  who  thinks  it 
probaUe  that  the  air,  on  its  return  from  the  laige  air-cells,  passes  ^ 
dinoljy  by  tbe  laige  air-holes  into  the  tm>nchia,  and  is  not 
bconght  a  second  time  into  contact  with  the  blood. 

\  The  peculiarities  of  structure  in  the  respiratory  system  of 
birds  ha?e  probably  a  relation  to  tbe  capability  we  sec  them 
pttsaeaa,  of  bearing  wkh  impanity,  very  quick  and  violent  changes 
of  atmospheric  pressure.  Thtts  the  Candor  of  the  Andes  is 
of^n  seen  to  desoend  rapidly  from  a  height  of  above  20,000 
feet,  to  the  edge  of  the  sea,  where  the  air  is  more  than  twice  the 
denmty  of  that  which  the  bird  had  been  breathing.  We  are  as 
yet  unable  to  trace  the  connexion  which  probably  exists  between 
the  gtractnre  of  the  lungs,  and  this  extraordinary  power  of  accom- 
modation to  such  great  and  sudden  variations  of  atmospheric 
pressure. 
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vital  powers.  In  birds,  the  muscular  activity  is 
raised  to  the  highest  degree,  in  consequ^ice  of 
the  double  effect  of  the  air  upon  the  whole  cijv 
culating  blood  id  the  pulmoaaiy  orgaas.  The 
Mammalia  rank  next  below  birds,  in  the  scale  . 
of  vital  enei^  ;  but  they  still  possess  a  double 
circulation,  and  breathe  atmospheric  air.  Tbe 
torpid  and  cold-blooded  reptiles  are  separated 
from  mammalia  by  a  very  wide  interval,  because, 
although  they  respire  air,  that  air  cnly  influences 
a  part  of  the  blood ;  the  pulmonary,  being  only 
a  branch  of  the  general  circulation.  In  fishes, 
again,  we  have  a  similar  result,  because,  al- 
though the  whole  blood  is  brought  by  a  double 
circulation  to  the  respiratory  organs,  yet  it  is 
acted  upon  only  by  that  portion  of  air  which  is 
contained  in  the  water  respired,  and  which  is 
less  poweriiil  in  its  action  than  the  same  element 
in  its  gaseous  state.  We  may,  in  like  manner, 
continue  to  trace  the  connexion  between  the 
extent  of  these  fimctions  and  the  degrees  of 
vital  enei^  throughoiit  the  successive  classes  of 
invertebrate  animals.  The  vigour  and  activij^ 
of  the  fimctions  of  insects,  in  particular,  hAve 
an  evident  relation  to  the  effective  manner  in 
which  the  complete  aeration  of  the  blood  is 
secured  by  the  extensive  distribution  of  tracheae 
through  every  part  of  their  system. 
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We  have  next  to  direct  our  attention  to  the  che- 
mical offices  which  respiration  performs  in  the 
animal  economy.  It  is  only  of  late  years  that 
we  may  be  said  to  have  obtained  any  accurate 
knowledge  as  to  the  real  nature  of  this  important 
function ;  and  there  is  perhaps  no  branch  of 
physiology  which  exhibits  in  its  history  a  more 
humiliating  picture  of  the  wide  sea  of  error  in 
which  the  human  intellect  is  prone  to  lose  itself, 
when  the  path  of  philosophical  induction  is 
abandoned,  than  the  multitude  of  wild  and 
visionary  hypotheses,  devoid  of  all  solid  founda- 
tion, and  perplexed  by  the  most  inconsistent  rea- 
sonings, which  formerly  prevailed  with  regard  to 
the  objects  and  the  processes  of  respiration;  To 
give  an  account,  or  even  a  brief  enumeration  of 
these  theories,  now  sufficiently  exploded,  would 
be  incompatible  with  the  purpose  to  which  I 
must  coniiDe  myself  in  this  treatise.*'    I  shall 

*  For  an  account  of  the  history  of  the  various  chemical 
theories  which  have  prevailed  on  this  interesting  department  of 
Phjaiology,  [  must  refer  to  the  "  Essay  on  Respiration,"  by  Dr. 
Bostock,  and  also  to  the'"  Elementary  System  of  Physiology," 
by  the  same  author,  which  latter  work  comprises  the  most  com- 
prehensive and  accurate  compendium  of  the  science  which  has 
yet  appeared. 
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content  myself,  therefore,  with  a  concise  state- 
ment of  such  of  the  leading  iacts  relating  to  this 
function,  as  have  now,  by  the  labours  of  modern 
physiologists,  been  satisfactorily  established,  and 
which  serve  to  elucidate  the  beneficent  intentions 
of  nature  in  the  economy  of  the  animal  system. 
Atmospheric  air  acts  without  difficulty  upon 
the  blood  while  it  is  circulating  through  the 
vessels  which  are  ramified  over  the  membranes 
lining  the  air  cells  of  the  lungs ;  for  neither 
these  membranes,  nor  the  thin  coats  of  the  vessels 
themselves,  present  any  obstacle  to  the  trans- 
mission of  chemical  elements  fittm  the  one  to  the 
other.  The  blood  being  a  highly  compound 
fluid,  it  is  exceedingly  difficult  to  obtain  an  ac- 
curate analysis  of  it,  and  still  more  to  ascertain 
with  |»«cision  the  difierent  modifications  which 
occur  in  its  chemical  condition  at  different  times : 
on  this  account,  it  is  scarcely  possible  to  deter- 
mine, by  direct  observation,  what  are  the  exact 
chemical  changes,  which  thi^  fluid  undergoes 
during  its  passage  through  the  lungs ;  and  we 
have  only  collateral  evidence  to  guide  us  in  the 
inquiry*. 

*  Some  experiments  very  recently  made  by  Messn.  Macaira 
and  Marcet,  on  the  ultimate  analysis  of  arterial  and  venous 
blood,  taken  from  a  rabbit,  and  dried,  have  shown  that  the 
fonner  contains  a  larger  proportion  of  oxygen  than  the  latter ; 
and  that  the  latter  contains  a  larger  proportion  of  carbon  than 
the  former :  the  proportions  of  nitn^n  and  faydrogea  being  the 
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The  most  obvious  effect  resulting  from  the  ac- 
tioQ  of  the  air  is  a  change  of  colour  from  the  dark 
purple  hue,  which  the  blood  has  when  it  is  brought 
to  the  lungs,  to  the  bright  vennillion  colour, 
which  it  is  found  to  assume  in  those  organs,  and 
which  accompanies  its  restoration  to  the  qualities 
of  arterial  blood.  In  what  the  chemical  differ- 
ence between  these  two  states  consists  may,  in 
some  measure,  be  collected  from  the  changes 
which  the  air  itself,  by  producing  them,  has 
experienced. 

The  air  of  the  atmosphere,  which  is  taken 
into  the  lungs,  is  known  to  consist  of  about 
tw^ity  p^  cent,  of  oxygen  gas,  seventy-nine  of 
nitrogen  gas,  and  one  of  carbonic  acid  gas. 
When  it  has  acted  upo'n  the  blood,  and  is  re- 
turned from  the  lungs,  it  is  found  that  a  certain 
proportion  of  oxygen,  which  it  had  contained, 
has  disappeared,  and  that  the  place  of  this 
oxygen  is  almost  wholly  suppUed  by  an  addition 
of  carbonic  acid  gas,  together  with  a  quantity 
of  watery  vapour.  It  appears  also  probable  that 
a  small  portion  of  the  nitn^en  gas  is  consumed 
during  respiration. 

same  in  both.     The  following  are  the  exact  nurabere  expresaive 
of  these  proportions : 

Carhni.  (hygtn.         NUragen.       Hydragm, 

Arterial  blood    ...  50.2  ..  .  26.3  .  .  .  16.3  ...  6.6 

Venous  blood     .  .  .  55.7  .  .  .  21.7  .  .  .  16.2  ...  6.4 

Mfmoirei  de  la  Societi  de  PhyHqae  el  d'Hist.  Naturelle  de 
Geneve.    T.  v.  p.  400. 
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For  our  knowledge  of  the  fact  of  the  dis- 
appearance of  oxygen  we  are  indebted  to  the 
labours  of  Dr.  Priestley.  It  h{id,  indeed,  been 
long  before  suspected  by  Mayov,  that  some 
portion  of  the  air  inspired  is  absorbed  by  the 
blood ;  but  the  merit  of  the  discovery  that  it  is 
the  oxygenous  part  of  the  air  which  is  thus 
consnmed  is  unquestionably  due  to  Dr.  Priestley. 
The  exact  quantity  of  oxygen,  which  is  lost  in 
natural  respiration,  varies  indifferent  animals,  and 
even  in  different  conditicms  of  the  same  animal. 
Birds,  for  instance,  consume  larger  quantities  of 
oxygen  by  their  respiration  ;  and  hence  require, 
for  the  maintenance  of  life,  a  purer  air  than 
other  vertebrated  animals.  VanqueUn,  however, 
found  that  many  species  of  insects  and  worms 
possess  the  power  of  abstracting  oxygen  firom 
the  atmosphere  in  a  much  greater  decree  than 
the  larger  animals.  Even  some  of  the  terres- 
trial mollusca,  such  as  snails,  are  capable  of 
living  for  a  long  time  in  the  vitiated  air  in  which 
a  bird  had  perished.  Some  insects,  which  con- 
ceal themselves  in  holes,  or  burrow  under  groimd, 
have  been  known  to  derive  the  air  of  every 
appreciable  portion  of  its  oxygen.  It  is  ob- 
served by  Spallanzani,  that  those  animals,  whose 
modes  of  life  oblige  them  to  remain  fOT  a  great 
length  of  time '  in  these  confined  situations, 
possess  this  power  in  a  greater  degree  than 
others,  which  enjoy  more  liberty  of  moving  in  the 
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open  air :  so  admirably  have  the  faculties  of 
animals  been,  in  every  instance,  accommodated 
to  their  respective  wants. 

Since  carbonic  acid  consists  of  oxygen  and 
carbon,  it  is  evident  that  the  portion  of  that  gaA 
which  is  exhaled  from  the  lungs  is  the  result  of 
the  combination  of  either  the  whole,  or  a  part, 
of  the  oxygen  gas,  which  has  disappeared  during 
the  act  of  rrapiration,  with  the  carbon  contained 
in  the  dark  venons  blood,  which  is  brought  to 
the  lungs.  The  blood  having  thus  parted  with 
its  superabundant  carbon,  which  escapes  in  the 
form  of  carbonic  acid  gas,  regains  its  natural  Ver- 
million colour,  and  is  now  qualified  to  be  again 
transmitted  to  the  different  parts  of  the  body  for 
their  nourishment  and  growth.  As  the  blood 
contains  a  greater  proportion  of  carbon  than  the 
animal  solids  and  fluids  which  are  formed  from 
it,  this  superabundant  carbon  gradually  accu- 
mulates in  proportion  as  its  other  principles, 
(namely,  oxygen,  hydrc^en,  and  nitrogen)  are 
abstracted  from  it  by  the  processes  of  secretion 
and  nutrition.  By  the  time  it  has  returned  to 
the  heart,  therefore,  it  is  loaded  with  carbon, 
a  principle,  which,  when  in  excess,  becomes 
Qoxious,  and  requires  to  be  removed  from  the 
blood,  by  combining  it  with  a  fresh  quantity  of 
oxygen  obtained  from  the  atmosphere.  It  is  not 
yet  satisfactorily  determined  whether  the  whole 
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of  the  oxygen,  which  disappears  during  re^i- 
ration,  is  employed  in  the  fonuatioa  of  carbonic 
acid  gas :  it  appears  probable,  however,  from 
the  concurring  testimony  of  many  experimen- 
talists, that  a  small  quantity  is  permanently 
absorbed  by  the  blood,  and  enters  into  it  aa  (»ie 
of  its  fronatituentg. 

A  similar  question  arises  with  respect  to 
nitrogen,  of  which,  as  I  have  already  mentioned, 
it  is  probable  that  a  small  quantity  disa{q;>eaTs 
from  the  air  when  it  is  respired ;  although  the 
accouiits  of  experimentalists  are  not  uniform  on 
this  point.  The  absorption  of  nitrogen  during 
respiration  was  one  of  the  results  which  Dr. 
Priestley  had  deduced  from  his  experiments:  and 
this  fact,  though  often  doubted,  appeaiB,  «n  the 
whole,  to  be  tolerably  well  ascertained  by  the 
inquiries  of  Davy,  Pfatf,  and  Henderson.  With 
regasd  to  the  respiration  of  cold-blooded  animals, 
it  has  been  satis&ctorily  established  by  the 
researches  of  SpallanzMii,  and  more  especially 
by  those  of  Humboldt  and  Proren^al,  on  fidies, 
that  nitrogen  is  actually  absorbed.  A  confirma- 
tion of  this  result  has  rec^Uy  been  obtained  by 
Messrs.  Macaire  apA  Maicet,  who  bave  found 
that  the  blood  contains  a  lai:ger  proportion  ai 
nitrogen  than  the  chyl$,  from  which  it  is  formed. 
We  dan  discover  no  other  source  from  which 
chyle  could  acquire  this  additional  quantity  9f 
nitn^n,  during  its  conversion  into  Mopd,  th^n 


t:  Go  ogle 


CHEMICAL  ^FFTTCTS  OP  RESPIRATION.         339 

the  air  of  the  atmosphere,  to  which  it  is  exposed 
in  its  passage  through  the  pulmonary  vessels.* 

AccordiDg  to  these  views  of  the  chemical 
objects  of  respiration,  the  process  itself  is  ana- 
logous to  those  artificial  operations  wliich  effect 
the  combustion  of  charcoal.  The  food  supplies 
the  fuel,  which  is  prepared  for  use  by  the  di- 
gestive organs,  and  conveyed  by  the  pulmonary 
arteries  to  the  place  where  it  is  to  undei^  com- 
bustion :  the  diaphragm  is  the  bellows,  which 
feeds  the  furnace  with  air;  and  the  trachea  is 
the  chimney,  through  which  the  carbonic  acid, 
wliich  is  the  product  of  the  combustion,  escapes. 

It  become  an  interesting  problem  to  deter, 
inine  whether  this  analogy  may  not  be  furthei' 
extended ;  and  whether  the  combustion  of  car- 
bon, which  takes  place  in  respiration,  be  not  the 
exclusive  source  of  the  increased  temperature, 
which  all  animals,  but  tnore  especiany  those 
designated  as  Kiarm~6hddid,  usually  maintain 
above  the  surrounding  medium.  The  uniform 
and  exact  relation  which  may  be  observed  to 
take  place  between  the  temperature  of  animals 
and  the  energy  of  the  respiratory  function,  or' 
tath^  the  amount  of  the  chemical  changes 
Induced  by  Uiat  function,  affords  very  strong 
evidence  in  favour  (^  this  hypothesis.  The 
coincickence,  indeed,  is  so  strong,  that  notwith- 
(ttanding  the  objections  that  have  been  raised 

*  See  the  note  at  page  334. 
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agaioBt  the  theory  founded  upon  this  hypo- 
'  thesis,  from  some  apparent  anomalies  which 
occasionally  present  themselves,  we  must,  I 
think,  admit  that  it  affords  the  hest  explanation 
of  the  phencMnena  of  any  theory  yet  [wopoeed, 
and  that,  therefore,  it  is  probahly  the  true  one. 

The  maintenance  of  a  very  elevated  tempe- 
rature appears  to  require  the  concurrence  of  two 
conditions ;  namely,  first,  that  the  whc^  ef  the 
blood  should  be  subjected  to  the  influence  <^  the 
air,  and,  secondly,  that  that  air  should  be  pre* 
sented  to  it  in  a  gaseous  state.  These,  then,  are 
the  circumstances  which  establish  the  great  dis- 
tinction between  warm  and  cold-blooded  animals ; 
a  distinction  which  at  once  stamps  the  character 
of  their  whole  constitution.  It  is  the  coDditicm 
of  a  high  temperature  in  the  blood  which  raises 
the  quadruped  and  the  bird  to  a  rank,  in  the 
scale  of  Titality,  so  far  above  that  of  the  reptile : 
it  is  this  which  places  an  insv^erable  boundary 
between  mammalia  and  fishes.  However  the 
warm-blooded  Cetacea,  who  spend  their  lives 
in  the  ocean,  may  be  found  to  approximate 
'in  their  outward  form,  and  in  their  external 
instruments  of  motion,  to  the  other  inhabitants 
of  the  deep,  they  are  still,  from  the  conformation 
of  their  respiratory  organs,  dependent  on  another 
element.  If  a  seal,  a  porpoise,  or  a  dolphin 
were  confined,  but  for  a  short  time,  under  the 
!<(irfarr  of  the  water,  it  would  perish  wiUi  the 
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same  certainty  as  any  other  of  the  mammalia, 
placed  in  the  same  situation.  We  observe  them 
continually  rising  to  the  surfoce  in  order  to 
breathe,  under  every  circumstance  of  privation 
or  of  danger;  and  however  eag^ly  they  may 
pursue  their  prey,  however  closely  they  may  be 
pressed  by  their  enemies,  a  more  urgent  want 
compels  them,  from  time  to  time,  to  respire  air 
at  the  surface  of  the  sea.  Were  it  not  for  this 
imperious  necessity,  the  Whale,  whose  enormous 
bulk  is  tmited  with  corresponding  strength  and 
swiftness,  would  live  in  undisturbed  possession 
of  the  widely  extended  domains  of  the  ocean, 
might  view  without  dismay  whole  fleets  sent  out 
against  him,  and  might  defy  all  the  efforts  that 
man  could  practise  for  his  capture  or  destruction. 
But  the  constitution  of  his  blood,  obliging  him 
to  breathe  at  the  surface  of  the  water,  brings 
him  within  the  reach  of  the  fatal  harpoon-  In 
vain,  on  feeling  himself  wounded,  does  he  pliinge 
for  refuge  into  the  recesses  of  the  deep ;  the  same 
necessity  recurs,  and  compelUng  him  again  to 
present  himself  to  his  foes,  exposes  him  to  their 
'  renewed  attacks,  till  he  fells  in  the  unequaT 
struggle.  His  colossal  form  and  gigantic  strength 
are  of  little  ayail  against  the  power  of  man,  feeble 
though  that  power  may  seem,  when  physically 
considered,  but  which  derives  resistless  might 
from  its  association  with  an  immeasurably  su- 
perior intellect. 
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Tub  capability  of  ^ectii^  certain  chemical 
chaises  in  the  crude  materials  introdaoed  into 
the  body,  is  one  of  the  powem  which  more  espe- 
cially characterize  life;  but  although  this  power 
is  exercised  both  by  vegetaUe  and  by  animd 
organizations,  ve  perceive  a  marked  difi«ence 
in  the  results  of  its  operation  in  these  two  ordos 
of  beings.  The  food  of  plants  connsts,  for  tb* 
most  part,  of  the  simjrfer  combinatioua  of  ele- 
mentary  bodies,  which  are  eiabtwated  in  cdlular 
or  vascular  textures,  and  conTerted  into  various 
products.  The  oak,  for  example,  forms,  by  the 
powers  of  vegetation,  out  of  these -elemeatSf  not 
«Dly  the  green  pulpy  matter  of  its  leaves,  and 
the  light  tissue  of  its  pith,  but  ajeo  the  densest  of 
its  woody  fibres.  It  is  from  similar  materials, 
again,  that  the  olive  prepares  its  mU  and  the 
cocoa-nut  its  milk ;  and  the  very  same  elem«itak 
in  different  stat^  of  combinatioo,  compose,  ia 
other  instances,  at  one  time  the  luscious  sugar 
of  the  cane,  at  another  the  narcotic  juice  of  tim 
poppy,  or  the  acrid  principle  of  the  euphorbium ; 
and  the  same  plant  which  litmishes  in  one  pact 
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the  Uand  farina  of  the  potatoe,  will  produce  in 
another  the  poisonons  extract  of  the  nightshade. 
Yet  all  these,  and  thousands  of  other  T^etable 
products,  differing  widely  in  their  sensible  quali- 
ties, agree  very  nearly  in  their  ultimate.chemical 
analysis,  and  owe  their  peculiar  properties  chiefly 
to  the  order  in  which  their  elements  are  arranged  ; 
an  order  dependent  on  the  processes  to  which 
they  have  been  subjected  in  the  sj^tem  of  each 
particular  vegetable. 

In  the  animal  kingdom  we  observe  these  pro- 
cesses multiplied  to  a  still  greater  extent ;  and, 
the  resulting  substances  are  even  farther  removed 
from  the  original  condjUon  of  unorganized  matter^ 
In  the  first  place,  the  food  of  animals,  instead, 
of  being  simple,  like  that  of  plants,  has  alwaya 
nndergone  previous  preparation ;  for  it  bm 
either  constituted  a  portion  of  some  other  organ- 
ized being,  or  it  has  been  a  product  of  oi^aitiza- 
tion ;  in  each  case,  therefore,  partaking  of  the 
complexity  of  compraition  which  characterises 
orgauiEed  bodies.  Still,  whatever  may  be  its 
qualities  when  received  into  the  stomach,  it  is 
soon  ctmverted  by  the  powers  of  digestion  into 
a  milky,  or  transparent  fluid,  having  nearly  the 
same  uniform  prop^ies.  We  have  seen  that 
there  Is  scvcely  any  animal  or  v^etable  sub- 
stance, however  dense  its  textore,  or  virulent  its 
qualities,  but  is  capable  of  afibrding  nourish- 
ment to  various  species  of  animals.    Let  us  take 
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as  an  example  the  elytra  of  cantharides,  whkb 
are  such  active  stimulants  when  applied  in 
powder  to  the  ^in  in  the  ordinary  mode  oi 
blistering ;  we  find  that,  notwithstanding  their 
highly  acrid  quaUties,  they  conBtitute  the  natural 
food  of  several  species  of  insects,  which  devour 
them  with  great  avidity ;  and  yet  the  fluids  of  these 
insects,  thoi^h  derived  from  this  pungent  food, 
are  perfectly  bland,  and  devoid  of  all  acrimony. 
Cantharides  are  also,  according  to  Pallas,  the 
&vourite  food  of  the  he^e-hog;  althoi^h  to 
Other  mammalia  they  are  highly  poisonous.  It 
has  also  been  found  that  even  those  animal 
secretions,  (such  as  the  venom  of  the  rattle- 
snake,) which,  when  infused,  evenin  the  minutest 
quantity,  into  a  wound,  prove  instantly  fatal, 
may  be  taken  into  the  stomach  without  produc- 
ing any  deleterious  effects.  These,  and  a  mul- 
titude of  other  w^l-known  facts,  fully  prove 
how  completely  substances  received  as  alim^it 
may  be  modified,  and  their  properties  chftngedi 
or  even  reversed,  by  the  powers  6f  animal 
digestion. 

No  less  remarkable  are  the  transmutations, 
which  the  blood  itself,  the  result  of  these  pre- 
vious processes,  is  subsequently  made  to  undergo 
in  the  course  of  circulation,  and  when  subjected 
to  the  action  of  the  nutrient  veasels  and  secret- 
ing organs ;  being  ultimately  converted  into  the 
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various  textures  and  'substances  which  compose 
all  the  parts  of  the  frame.  All  the  modifications 
<^  cellnlar  substance,  in  its  various  states  of  con- 
densation ;  the  membranes,  the  ligaments,  the 
cartilages,  the  bones,  the  marrow  ;  the  muscles, 
with  their  tendons ;  the  lubricating  fluid  of  the 
jmnts ;  the  medullary  pulp  of  the  brain ;  the 
transparent  jelly  of  the  eye  ;  in  a  word,  all  the 
diversified  textures  of  the  various  organs,  which 
are  calculated  for  such  difi^rent  offices,  are 
derived  from  the  same  nutrient  fluid,  and  may 
be  considered  as  being  merely  modified  arrange- 
ments of  the  same  ultimate  chemical  elements. 

In  what,  then,  we  naturally  ask,  consists 
this  subtle  chemistry  of  life,  by  which  nature 
effects  these  multijarlous  changes ;  and  in  what 
secret  recesses  of  the  living  frame  has  she  con- 
structed the  refined  laboratory  in  which  she 
operates  her  marvellous  transformations,  far  sur- 
passing even  those  which  the  most  visionary 
alchemist  of  former  times  had  ever  dreamed  of 
achieving?  Questions  like  these  can  only  be 
fairiy  met  by  the  confession  of  profound  igno- 
rance ;  for,  although  the  subject  of  secretion  has 
long  excited  the  most  ardent  curiosity  of  physi- 
ologists, and  has  been  prosecuted  with  extraor- 
dinary zeal  and  perseverance,  scarcely  any 
positive  information  has  resulted  firom  their 
labours,   and  the  real  nature  of  the  process 
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remains  inTol-red  nearly  in  the  Bame  degree  of 
obscurity  as  at  first.*  It  was  natural  to  expect 
that  in  this  inquiry  material  assistance  would  be 
derired  frwn  an  accurate  anatomical  examina- 
tiim  vi  the  oi^ns  by  which  the  more  remarkable 
secretions  are  formed ;  yet^  notwithstanding  the 
most  minute  and  careful  scrutiny  of  these  (H^ans,' 
our  knowledge  of  the  mode  in  which  they  are 
instrumental  in  effecting  the  operations  which 
are  there  conducted,  has  not  in  reality  advanced  a 
sin^e  step.  To  add  to  our  perplexity  we  often 
see,  on. the  one  hand,  parts,  to  all  appearance 
very  differently  oi^amzad,  givmg  rise  to  secre- 
tions of  a  similar  nature ;  and  on  the  other  hand, 
substances  of  very  different  properties  produced 
by  oi^ns,  which,  even  in  their  minutest  details, 
appear  to  be  identical  in  their  structure.  Secre- 
tions are  often  found  to  be  poured  out  from 
smooth  and  membranous  surfaces,  such  as  those 

*  It  i>  not  yet  pteciselj  detemuDed  to  what  extent  the  organs 
of  lecreitioii  &re  imntedtatelj  ioatramental  in  producing  theaub- 
itaoce  which  is  secreted ;  and  it  has  been  eren  suggested  thst 
ponibly  their  office  is  confinMl  to  the  mere  separatton,  or  flltra'- 
tMnfioin  the  Uood,  of  certain  animal  products,  wbich  an 
atvayi  ipoutaneoudy  forming  in  that  fluid  in  die  course  of  its 
circulation.  This  hypothesis,  in  which  the  glands,  and  other 
HcrMJtig  apparatus  are  regarded  ai  only  very  fine  strainers,  ia 
auppnted  by  a  few  facts,  which  seem  to  indicate  the  presence  of 
thew  producU  in  the  blood,  independently  of  the  secreting 
processes  by  which  they  are  ustialty  supposed  to  he  formed;  but 
the  evidence  is  as  yet  too  scanty  and  equivocal  to  warrant  the 
deduction  of  any  general  theory  on  the  subject. 


lyGOOgIC 


aSCBBTlON.  347 

which  line  the  cayities  of  the  ahdomeii,the  chest, 
and  Hub  head,  and  which  are  also  reflected  in* 
wardasoas  to  taTestthewgansthnein  Cfrntained, 
as  the  heart,  the  lungs,  the  atomach,  the  inteetutea» 
the  Urer,  and  the  brain*.  In  other  iostancest 
the  secreting  membrane  is  thickly  set  with 
minute  pEocesses,  like  the  pile  of  rdlvet :  these 
pEOceaees  are  called  vilUt  and  their  more  obrious 
use,  as  fiuc  as  we  can  perceive,  is  to  increase  the 
surface  &om  which  the  secretion  is  prepared. 
At  other  times  we  see  an  <^poeite  kind  of  ^tr»c- 
tuije  emph^ed ;  the  secreting  surfitce  being  the 
internal  lining  of  sacs  or  cells,  either  openii^  at 
once  into  some  lai^er  cavity,  or  pro]oi^;ed  into 
a  tube,  or  duct,  for  conveying  the  secreted  fluid 
to  a  more  distant  point.  These  cells,  ov/olUcles, 
as  they  are  termed,  are  generally  emplt^ed  for 
the  muooua  secretions,  and  are  often  scattered 


*  SonKtimes  the  secreting  organ  appeuB  to  be  entirdy  com- 
posed of  B  mass  of  veaa^  covered  with  a  smooth  membraoe; 
10  other  cases,  it  appean  to  coDtam  some  additunal  material,  or 
parenehgmat  aa  it  is  termed.  Vertebrated  animals  present  ns 
with  numerous  insteucesor^andularoiga&B  employed  for  spadfd 
purposes  of  secretion :  thus,  in  the  eyes  of  fisbes  there  exists  a 
large  vaaculai  mass,  which  has  beea  called  the  choroid  gliOMt, 
and  which  is  supposed  to  be  placed  there  for  the  purpose  of 
leplenisbiag  some  of  the  humours  of  the  eye,  in  |KopMtion  as 
they  are  wasted.  Within  the  air-bladder  of  several. species  of 
fishes  there  is  found  a  vascular  organ,  apparently  serving  to  secrete 
the  air  with  which  the  bladder  is  filled;  numerous  ducts,  filled 
with  air,  having  been  observed  proceeding  from  the  organ,  and 
opening  on  the  inner  suiiiace  of  the  air-bladder. 
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throughout  the  surfaces  of  membranes* :  at  other 
times  the  secreting  cavities  are  collected  in  great 
numbers  into  groups ;  and  they  then  firequentiy 
consist  of  a  series  of  lengthened  tubes,  like  ctecB, 
examples  of  which  we  have  already  seen  in  the 
hepatic  and  salivary  glands  of  insects. 

A  secretory  organ,  in  its  simplest  form,  con- 
sists of  short,  narrow  and  undivided  tubes ;  wc 
next  find  tubes  which  are  elongated,  tortuous  or 
convoluted,  occasionally  presenting  dilated  por- 
tions, or  even  having  altogeUi^  the  appearance 
of  a  collection  of  pouches,  or  sacs ;  while  in  other 
cases,  they  are  branched,  and  extend  into  minute 
ramifications.  Sometimes  they  are  detached,  or 
isolated ;  at  other  times  they  are  collected  into 
tufls,  or  variously  grouped  into  masses,  where  still 
theseparate tubesadmitof beingunravelled.  The 
secreting  filaments  of  insects  float  in  the  general 
cavity,  containing  the  mass  of  nutrient  fluid,  and 
thence  imbibe  the  materials  they  require  for  the 
performance  of  their  functions.  It  is  only  when 
they  receive  a  firm  investment  of  cellular  mem- 
brane, forming  what  is  termed  a  capsule,  and 
assuming  the  appearance  of  a  compact  body, 
that  they  properly  constitute  a  gland,-  and  this 
form  of  a  secreting  organ  is  met  with  only  among 
the  higher  animalsf. 

*  See  p.  185  of  thia  volume;  and  in  particular  Fig.  305. 
Sebaceous  follicles  are  also  noticed  in  Vol.  i.  p.  114. 

t  Dr.  Kidd,  however,  describes  bodies  apparently  of  a  gilan- 
dular  character,  disposed  ia  rows  on  the  inner  surface  of  the 
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Great  variety  is  obserrable  both  in  the  form  and 
structure  of  different  glands,  and  in  the  mode  in 
which  their  blood-Teesels  are  distributed.  Id 
animals  which  are  iumished  with  an  ^tensiTe 
circulation,  the  vessels  supplying  the  glands  with 
blood  are  distributed  in  various  modes ;  and  it 
is  evident  that  each  plan  has  been  designedly 
selected  with  reference  to  the  nature  of  the  par- 
ticular secretion  to  be  perfwmed,  although  we 
are  here  unable  to  follow  the  connexion  between 
the  means  and  the  end.  In  some  glands,  for 
example,  the  minute  arteries,  on  their  arrival  at 
the  oi^an,  suddenly  divide  into  a  great  numbec 
of  smaller  branches,  like  the  fibres  of  a  camel- 
hair  pencil :  this  is  called  the  penidUated  struc- 
ture. Sometimes  the  minute  branches,  instead 
of  proceeding  parallel  to  each  other  after  their 
division,  separate  like  rays  from  a  centre,  pre- 
senting a  stellated,  or  star-like  arrangement.  la 
the  greater  number  of  instances,  the  smaller 
arteries  take  a  tortuous  course,  and  are  some- 
times coiled  into  spirals,  but  generally  the  con- 
volutions are  too  intricate  to  admit  of  being 
unravelled.  It  is  only  by  the  aid  of  the  micros- 
cope that  these  minute  and  delicate  structures 
can  be  rendered  visible ;  but  the  fallacy,  to 
which  all  observations  requiring  the  application 
of  high  magnifying  powers  are  liable,  is  a  serious 


intestinal  canal  of  the  Oryllotalpa,  oi  mole-cricket.     Pbil.  Tran. 
tot  1825,  p.  227. 
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olntacle  to  the  advancement  of  our  knowledge 
in  this  department  of  phyeuolc^.  Almost  the 
only  result,  therefore,  which  can  be  collected 
from  these  laborious  researches  in  microscopio 
anatomy,  is  that  nature  has  employed  a  great 
diversity  of  means  for  the  accomplishment  of 
secretion ;  bat  we  still  remain  in  ignorance  as  to 
the  kind  of  adaptation,  which  must  assuredly 
exist,  of  each  structure  to  its  respective  object^ 
and  as  to  the  nice  adjustment  of  chonical  affinities 
which  has  been  provided  in  order  to  accomplish 
the  intended  effects*.  Electricity  is,  no  doubt, 
an  important  agent  in  all  these  processes ;  but 


*  The  oaly  iQiUoce  io  which  we  cai  perceive  a  coneipandenco 
between  the  chemical  propertiei  of  the  lecretian,  and  the  kind 
or  blood  from  whioh  it  ii  prepared,  ii  in  the  liver,  which,  unlike 
•U  the  other  gUndB,  hae  Teoous,  instead  of  arterial  blood,  eent 
to  it  for  that  purpoae,  Tba  Teins,  which  return  the  blood  that 
has  circulated  throt^ih  theetomach,  and  other  abdominal  viscera, 
«ie  collected  into  a  large  trunk,  called  the  vtnaporls,  which 
entere  the  liver,  and  it  there  again  rabdivided  and  ramified,  aa  if 
it  were  an  artery ;  ita  minuter  bran^ea  here  unite  with  duM 
of  the  hepatic  artery,  and  ramify  through  the  minute  iobolea 
which  compose  the  aubetance  of  the  liver.  After  the  bile  la 
•ecreted,  and  carried  off  by  hepatic  ducta,  the  remsinhig  blobd 
b  conducted,  by  meant  of  minute  hq|tatic  reini,  which  oocapy 
the  centre*  of  each  lobule,  into  larger  and  larger  tranka,  till  th^ 
all  nnite  in  the  vena  cava,  going  directly  to  the  heart  (See 
Kieman'a  Paper  on  Ibe  Anatomy  and  Physiolo^  of  tbe  liver, 
PhiL  Trani.  for  1833,  p.  711.)  A  eimilar  eystem  of  renoua 
ramification*,  though  on  a  much  nnaller  acale,  hai  been  di|»* 
covered  by  Jacobeon,  in  the  kidoeya  of  moat  fisbea  and  npttteflk 
ud  even  in  aome  biidt. 
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in  the  absence  of  all  certain  knowledge  as  to 
the  mode  in  which  it  is  excited  and  brought  into 
play  in  the^liviDg  body,  the  chaun  can  for  the 
present  be  supplied  only  by  remote  conjecture. 

The  process  which  constitutes  the  ultimate 
stage  of  nutrition,  or  the  actual  incorporation  of 
the  new  material  with  the  solid  substance  of  the 
body,  of  which  it  is  to  fonn  a  part,  is  involTed 
in  equal  obscurity  with  that  of  secretion. 


Chapter  XIII. 

AUSORFTION. 

Absorption  is  another  function,  related  to  nutri- 
tion, which  deserve  special  notice.  The  prin* 
cipal  object  of  this  function  is  the  removal  of 
such  rnate^^  ^  hare  been  already  deposited, 
and  hay«, became  either  useless  or  injurious,  aa4 
thar  conT«yance  into  the  general  mats  of  drcu- 
lating  fluids ;  purposes  which  are  accomplished 
by  a  peculiar  set  of  vessels,  called  the  I^ftn- 
pkaties.  These  Teasels  ctmtain  a  fluid,  which 
being  transparent  and  colourless  like  water, 
has  been  denominated  the  lymph.  The  lym- 
phatics are  perfectly  umilar  in  their  structure, 
and  probably  also  in  their  mode  of  action,  to 
the  lacteals,  which  absorb  the  chyle  from  the 
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intestiiial  cavity :  they  are  found  in  all  the 
classes  of  vertebrated  animals,  and  pervade 
extensively  every  part  of  the  body.  Exceed- 
ingly minute  at  their,  origin,  they  unite  toge- 
ther as  they  proceed,  forming  larger  and 
larger  trunks,  generally  following  the  course  of - 
the  veins,  till  they  finally  discharge  their  con- 
tents either  into  the  thoracic  duct,  or  into  some 
of  the  large  veins  in  the  vicinity  of  the  heart. 
Throughout  their  whole  course  they  are,  like  the 
lacteals,  provided  with  numerous 
valves,  which,  when  the  vessel  is  dis-. 
tended  with  lymph,  give  it  a  resem- 
blance to  a  string  of  beads.  Fig.  378.*. 
In  the  lower  animals  it  appears  that 
the  veins  are  of5casionally  endowed 
with  a  power  of  absorption,  similar 
to  that  possessed  by  the  lymphatics.  None  of 
the  invertebrata,  indeed,  possess  lymphatics,  and 
absorption  must  consequently  be  performed  by 
the  veins,  when  these  latter  vessels  exist.-  The 
addition  of  the  system  of  lymphatic  vees^,  aS'. 

'  In  wann-blaoded  animaln,  the  Ijinphstica  «Te  made  to 
traverse,  in  some  pait  of  tbeir  course,  certain  bodies  of  a. 
compact  structure,  resembliug  glands,  and  termed  accordingly, 
the  lymphatic  glands.  One  of  these  is  represented  in  Fig.  378. 
They  correspond  in  structure,  and  probably  also  in  their  functions, 
to  the  mesenteric  glands,  through  which,  in  the  mammalia,  the 
lacteals  pass,  before  reaching  the  tbwacic  duct.  It  is  chiefly  in 
the  mammalia,  indeed,  that  these  glands  are  met  with,  for  thejr 
are  rare  among  birds,  and  still  more  so  among  fishes  apd 
reptiles. 
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anxiliaries  to  the  veins,  may  therefore  be  re- 
garded as  a  refinement  in  organization,  peculiar 
to  the  higher  classes  of  animals*. 

Professor  Muller,  of  Bonn,  has  lately  disco- 
vered that  the  frog,  and  several  other  amphibious 
animals,  are  provided  with  large  receptacles  for 
the  lymph,  situated  immediately  under  the  skin, 
and  exhibiting  distinct  and  regular  pulsations, 
like  the  heart.  The  use  of  these  lymphatic 
hioa-ts,  as  they  may  be  called,  is  evidently  tci 
propel  the  lymph  in  its  proper  course  aloi^  the 
lymphatic  vessels.  In  the  frog  four  of  Uiese 
(Hgans  have  been  found ;  the  two  posterior  hearts 
being  situated  behind  the  joint  of  the  hip,  and  the 
two  anterior  ones  on  each  side  of  the  transverse 
process  of  the  third  vertebra,  and  under  the 
posterior  extremity  of  the  scapula.  The  pulsa- 
dons  of  these  lymphatic  hearts  do  not  correspond 
with  those  of  the  sanguiferous  heart;  nor  do 
those  of  the  right  and  left  sides  take  place  at 
the  same  tunes,  but  they  oden  alternate  in  an 
irregular  manner.  Professor  Muller  has  disco- 
vered simOar  organs  in  the  toad,  the  salamander, 
and  the  green  lizard,  and  thinks  it  probable  that 
they  exist  in  all  the  amphibiaf- 

•  Fohmann,  who  has  made  extensive  reaearchea  on  tlie  ab- 
MHbent  veuela  throughout  all  the  classefl  of  vertebrated  animala, 
kaa  found  that  tiiey  termioate  extensively  in  the  veins.  See  his 
mrk,  entitled  ■■  Anatomische  Uatenuchungen  uber  die  Ver- 
bindun^  der  Saugedeni  mit  den  Venen." 

t  Phil.  Trans,  for  1833,  p.  89.    ' 
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The  organs  which  ore  apfvopriated  to  the  per- 
formance of  the  various  functioDs  conducive  to 
nqtrition,  are  genially  designate  the  vitaf 
argoMs,  ia  (oder  to  distingui^  them  from  tMse 
yhich  are  subaerrieDt  to  s^ieatioD,  Tolim- 
tary  motioD,  aod  the  other  functiooa  of  animai 
itfe.  The  slightest  refleclioD  on  the  variety  and 
CompHcatioQ  <tf  actioaa  comprised  under  the 
former  class  of  functions  in  the  higher  animate^ 
will  convince  us  that  they  must  be  the  result 
of  the  combined  operation  of  several  difier^it 
(^ents ;  but  the  principal  source  of  raechamcal 
fprce  required  by  the  vital  organs,  is  still,  as  in 
all  other  cases,  the  muscular  power.  The  coats 
of  the  stomach  and  of  the  intestinal  tube  contain 
^  large  prgportioa  of  muscular  fibres,  the  coa> 
tractions  of  which  effect  the  intermixture  and 
propulsion  of  the  contents  of  these  cavities,  ia 
the  manner  best  calculated  to  favour  the  che- 
mical operations  to  which  they  are  to  be  sub- 
jected, and  to  extract  from  them  all  the  nourit^- 
moit  they  may  contain.    In  like  manoer,  aU 
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the  tabular  Teesefe,  which  tranemii  fluids,  ai^ 
endowed  with  muscular  powers  adapted  to  the 
perfiumance  of  that  office.  The  heart  is  a  strong 
hollow  muscle,  with  power  adequate  to  propel 
the  blood,  with  immense  force,  through  the 
arterial  and  venous  systems.  The  blood-vessels, 
also,  especially  the  minnte,  or  capillary  arteries, 
besides  bdng  elastic,  are  likewise  endowed  with 
mnscolar  power,  which  contributes  its  share  in 
fi>rwarding'  the  motion  of  the  blood,  and  com- 
{deting  its  circulatifm.  The  quantity  of  blood 
circulating  in  each  part,  the  velocity  of  its 
motion,  and  the  heat  which  it  evolves,  aro 
ngolated  in  a  great  measure  by  the  particular 
mode  of  action  of  the  blood-vessels  of  that  part. 
The  quantity,  and  sometimes  even  the  quai- 
Hty  of  the  secretions,  are  dependent,  in  like 
manner,  on  the  conditions  of  the  circulation ; 
and  the  actitm  of  the  ducts,  which  convey  the 
secreted  fluids  to  their  respective  destinations,  is 
also  resolvable  into  the  Elects  of  a  muscular 
power. 

The  immediate  cause  which,  in  these  organs, 
excites  the  muscular  fibre  to  contraction,  may 
Areqaendy  be  traced  to  the  forcible  s^cfching  of 
its  pofts.  This  is  the  case  in  all  hollow  and 
tobalar  nrasdes,  such  as  the  stomach,  the  heart, 
flod  the  blood-vessels,  when  they  are  mechani- 
ofdly  distended,  beyond  a  certain  degree,  by  the 
presence  of  contained  fluids,  or  other  substances. 
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At  othet  times,  the  chemical  quality  «f  their 
contents  appears  to  be  the  immediate  stimuLaB 
inciting  them  to  contraction.  Bat  numeroM  in- 
stances occnr,  in  the  h%her  orders  of  animals, 
in  which  these  causes  alone  are  inadequate  to 
explain  the  phenomena  of  the  Tital  fianctioii& 
No  mechanical  hypothesis  vill  suffice  to  account 
for  the  infinite  diversity  in  the  modes  of  action 
of  the  organs  which  perform  these  ftmctions,  or 
afford  any  clue  to  the  means  by  which  they  are 
made  to  co-operate,  with  such  nicety  of  adjust^ 
ment,  in  the  i»roduction  of  the  ultimate  effect. 
Still  less  will  any  theory,  comprising  only  the 
agency  of  the  muscular  power,  and  the  ordinary 
chemical  affinities,  enable  us  to  explain  how  an 
irritating  cause,  applied  at  one  part,  shall  pro- 
duce its  visible  effects  on  a  distant  organ ;  or  in 
what  way  remote  and  apparently  unconnected 
parts  shall,  as  if  by  an  invisible  sympathy,  be 
brought  at  the  same  moment  to  act  in  cmiceiti 
in  the  production  of  a  common  effect.  Yet  ench 
co-operation  mu^,  in  innumerable  cases,  be 
absolutely  indispensable  to  the  perfect  accotor 
plishment  of  the  vital  functions  of  animals. 

Nature  has  not  neglected  objects  so  important 
to  the  success  of  her  measures,  but  h^  pro- 
vided, for  the  accomplishment  of  these  purposes, 
a  controlling  faculty,  residing  in  the  nerVoos 
system,  and  denwninated    the  navout  pewer. 
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Experiments  have  shown  that  the  doe  perform- 
aaceof  the  vital  functions  of  digestion,  of  circu- 
l«tii»,  and  of  aecretion,  requires  the  presence  of 
an  agency,  derived  horn  different  parts  of  the 
brain  and  spinal  marrow,  and  r^ulating  the 
fxAet  and  combinatiiuis  of  the  actions  of  the 
wgwu  which  are  to  perform  those  functions. 
The  same  influence,  for  example,  which  ia- 
ftreaees  the  pow«r  of  secretion  in  any  particular 
gjand,  is  found  to  increase,  at  the  same  time» 
tbe  action  of  those  blood-vessels  which  supply 
Jt2iat  glaatd  with  the  materials  for  secretion ;  and 
converaely,  the  increased  action  of  the  blood" 
vessels  is  accompanied  by  an  increased  activity 
aC  the  secreting  organ.  Experience  also  shows 
that  whcoi  the  influence  of  the  brain  and  spinal 
marrow  is  intercepted,  although  the  afflux  of 
bleod  may,  for  a  time,  continue,  yet  the  secretion 
^^aaaa,  and  all  the  iiinctions  dependent  upon 
•9(3<^on,  such  as  digestion,  cease  likewise. 
Thus  the  nervous  power  combines  together  dif- 
fi^rent  operations,  adjusts  their  respective  de- 
greesj  and  r^ulates  their  succession,  so  as  to 
ensure  that  perfect  harmony  which  is  essential 
to  the  attainment  of  the  objects  of  the  vital  func- 
tions; and  thus,  not  only  the  muscular  power 
which  resides  in  the  vital  organs,  but  also  the 
OEganic  affinities  which  produce  secretion,  and 
all  those  unknown  causes  which  eflect  the  nutri- 
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tloa,  derelopement,  «aA  growth  of  each  part,  are 
^aced  under  the  control  of  the  nervous  poww.* 
Although  we  ere  entirely  ignwant  of  the  na- 
ture of  the  nerrous  power,  we  know  that,  when 
employed  in  the  vital  functions,  it  acta  through 
the  medium  of  a  particular  set  of  fibres,  which 
form  part  of  the  nervous  system,  and  are  dassed, 
therefore,  among  the  nerves.  The  principal 
filaments  of  this  class  of  nerves  compose  what 
is  called  the  ^i^Dothetie  nerve,  from  its  being 
regarded  as  the  medium  of  extensive  sympathiea 
among  the  organs ;  but  the  whole  assemblage  of 
these  nerves  is  more  commonly  known  by  the 
name  of  the  ganglioiuc  n/aUm,  from  the  circum- 
stance <rf  their  being  connected  with  smalt  masses 
of  nervous  substance,  termed  ganglia,  which  are 
placed  in  different  parts  of  their  course.  F^. 
S70,  represents  a  ganglion  (g),  through  whit^ 
the  nerve  (n),  constsdng  at  its  origin  Gi  a  numbor 
of  separate  filaments  (f),  ie  seen  to  pass,  befav« 
it  subdivides  into  branches  (b).  The  nnmeMMw 
communications  and  interchai^es  of  filaments, 
which  subsequently  take  place  at  varioos  parts, 
forming  what  is  called  a  pUseut,  are  shown  In 


*  At  tlie  ranctioDS  oF  plaots  are  sufficiently  simple  to  admit 
of  beip^  conducted  viduMit  the  aid  of  maacoltr  power,  Mill  Ibh 
do  they  require  the  assistance  of  the  nervoiu  energy :  both  of 
which  properties  are  the  peculiar  attributes  of  animal  vitalitj- 
We  accordingly  find  no  traces  either  of  nervous  or  of  muscular 
fibres  in  any  of  tiie  vegeUble  structures. 
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Fig.  380 :  where  four  trunks  (t,  t)  divide  into 
branebes,  which  are  again  separated,  and  va- 


tioiidly  reunited  in  their  couree,  like  a  ravelled 
akeiu  of  thread,  before  they  proceed  to  their 
re^tectire  deetinatitHiB. 

The  ganglia  are  connected  by  nervous  fila- 
ments with  every  part  of  the  braiti  and  spinal 
manow,  the  great  central  organs  of  the  nervous 
eystaa ;  and  they  also  send  out  innumerable 
totuches,  to  be  distributed  all  over  the  body. 
All  the  parts  receiving  Uood-vessels,  and  nH>re 
eapecially  the  acgans  of  digestion,  are  abun- 
dantly supplied  with  ganglionic  nerves ;  so  that, 
by  their  intervention,  all  these  parts  have  «c- 
tensive  connexions  with  the  brain  and  B|^nal 
marrow,  and  also  with  one  another.  The  gan^ia 
are  mwe  particularly  the  points  of  union  between 
nervous  fibres  coming  from  many  different  parts : 
they  may  be  considered,  therefore,  as  performing, 
with  regard  to  the  vital  functi<ms,  an  office  ana-< 
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logons  to  that  which  the  bnun  and  spinal  mamf^ 
perform  with  regard  to  the  other  nerres,  or  as 
being  secondary  centres  of  nerrous  power.  Thus 
there  are  two  important  objects  for  which  the  • 
nerves  belonging  to  the  ganglionic  syst^n  have 
been  provided ;  first,  to  serve  as  the  chanaek 
through  which  the  affections  of  one  oigan  might 
be  enabled  to  influence  a  distant  organ ;  and 
secondly,  to  be  the  medium  through  which  the 
powers  of  several  parts  might  be  combined  and 
cmicentrated  for  effecting  particular  purposes^ 
requiring  such  co-operation.  H^nce  it  is  by 
means  of  the  ganglionic  nerves  that  all  the 
orgAns  and  all  the  functions  are  rendered  offi^ 
cient  in  the  production  of  a  common  object,  an4 
are  .brought  into  one  comprehensive  and  har- 
monious system  of  operation. 

The  nervous  power,  the  effects  of  which  we. 
are  here  considering,  should  be  carefully  dis- 
tinguished from  that  power  which  is  an  attribute 
of  another  portion  of  the  nervous  system,  and 
which,  being  connected  with  sensation,  volition, 
and  other  intellectual  operations,  has  been  dmio- 
minated  senaorial  power.*  The  functions  of  di- 
gestion, circulation,  absoiptioa,  secretion,  and 
all  those  included  under  the  class  of  nutrient  or 
vital  functions,  are  carried  on  in  secret,  are  not 

*  Tbia  dUtinction  hu  been  mostclearlj  poutted  out,  and  illus- 
trated by  Dr.  A.  P.  W,  Philip.  See  hia  "  Experimental  Inquiry 
into  the  Lawa  of  (he  Vital  FuacUoiia." 
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neceesarily,  car  even  usually  attended  with  sen- 
sation, and  are  wholly  remoTed  from  the  control 
of  volition.  Nature  has  not  pennitted  processes, 
which  are  so  important  to  the  preservation  of 
life,  to  be  in  any  way  interfered  with  by  the  will 
of  the  animal.  We  know  that  in  ourselves  they 
go  on  as  well  during  sleep  as  when  we  are 
awake,  and  whether  our  attention  be  directed 
to  them  or  not ;  and  though  occasionally  in- 
flucmced  by  strong  emotions,  and  other  affections 
of  mind,  they  are  in  general  quite  independent 
of  every  intellectual  process.  In  the  natural  and 
healthy  condition  of  the  system  all  its  internal 
operations  proceed  quietly,  steadily,  and  con- 
stantly, whether  the  mind  be  absorbed  in  thought 
or  wholly  vacant.  The  kind  of  existence  result- 
ing firom  these  functions  alone,  and  to  which  our 
Attention  has  hitherto  been  confined,  must  be 
regarded  as  the  result  of  mere  vegetative,  rather 
than  of  animal  life.  It  is  time  that  we  turn  our 
views  to  the  higher  objects,  and  more  curious 
field  of  inquiry,  belonging  to  the  latter. 


t:  Go  ogle 


PART  III. 

THE  SENSORIAL  FUNCTTIONS. 


CUAI^ER  I. 
SENSATION. 

Tub  syBtem  vi  mechanical  and  chunical  fme- 
tMMis  which  we  have  been  occupied  in  renewiog^ 
has  been  eataldiahed  only  as  a  foundatioii  ftv 
the  eodowment  of  Uiose  higher  faculties  wfaiob 
ooDStitute  the  great  ol^ects  of  animal  existence^ 
It  is  in  the  etudy  of  these  final  purposes  that 
the  scheme  of  nature,  in  the  fbnnation  of  the 
animal  world,  opens  and  displays  itself  in  all  its 
grandeur.  The  whole  of  the  phenomeoa  w« 
have  hith^to  considered  concur  in  one  eseraitial 
object,  the  maintenance  of  a  simply  vital  exiBt>- 
ence.  Endowed  with  these  properties  akne,  the 
organized  system  would  possess  all  that  is  abso- 
lutely necessary  for  the  continuance  and  support 
of  mere  Tegetatire  life.  The  machinery  pro- 
vided f(»r  this  purpose  is  perfect  and  complete  in 
all  its  parts.    To  ruse  it  to  this  pafectim*  not 
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ooly  has  the  Divise  Architect  employed  all  the 
{HTOperties  and  powers  of  matt^,  which  sci^ce 
has  yet  revealed  to  man,  but  has  also  brought 
into  play  the  higher  and  more  mysterious  Cler- 
gies of  nature,  and  has  made  them  to  concur  in 
the  great  work  that  was  to  be  performed.  On 
the  oi^anized  fabric  there  has  been  conferred  a 
vital  force ;  with  the  powers  of  mechanism  hare 
been  conjoined  those  of  chemistry ;  and  to  these 
have  been  superadded  the  still  more  subtle  and 
potent  agencies  of  caloric  and  of  electricity :  every 
resource  has  been  employed,  every  refinement 
studied,  every  combination  exhausted  that  could 
ensure  tbe  stability,  and  prolong  the  duration  of 
the  system,  amidst  the  multifarious  causes  which 
continually  menace  it  with  def^mction.  It  has 
been  8iq>[died  with  ample  means  of  repairing  the 
aaadentB  to  which  it  is  ordinarily  exposed ;  it 
has  heea  protected  Arom  the  injurious  influence 
ef  the  rarrounding  elements,  and  fitted  to  resist 
for  a  lengthened  period  the  inroads  of  disease, 
Bad  Uie  prc^press  of  decay. 

But  caa  this,  which  is  mere  physical  exist* 
ence,  be  the  aiAe  end  of  life  1  Is  there  no  fiu'- 
tfaer  purpose  to  be  answered  by  structures  so 
exquisitely  contrived,  and  so  bountifully  pro* 
i?ided  with  the  means  of  maintaining  an  active 
existence,  than  the  mere  accumulation  and  co* 
•faesion  of  inert  materials,  difiiering  firom  the 
BtDoes  of  the  earth  only  in  the  mra^  arttficiid 
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ftrrangement  of  their  particles,  and  the  more 
varied  con6guratioa  of  their  texture?  Is  the 
growth  of  an  animal  to  be  ranked  in  the  same 
claaa  of  phoiomena  as  tlie  fxmcretion  of  a  pebble, 
or  the  crystallization  of  a  salt?  Must  we  not 
ever  associate  the  power  of  ieeling  with  the  idea 
of  animal  life  1  Can  we  divest  ourselves  of  the 
persuasioa  that  the  movements  of  animals,  di* 
rected,  like  oar  own,  to  obvions  ends,  pnioted 
from  voluntary  acts,  and  imply  the  opeiatiaii  of 
an  intellect,  not  wholly  dissimilar  in  its  spiiitBaJ 
essence  from  our  own  ?  In  \'aia  may  Deseartes 
aud  his  followers  labour  to  sustain  their  paradox, 
that  Ivutes  are  only  automata, — mere  pieces.  <tf 
artificial  mechanism,  inseasible  either  to  pleo^ 
sure  or  to  pain,  and  incapable  of  internal  afiiac- 
tions,  analogous  to  those  of  viaoh  we  are  con* 
scious  in  ourselves.  Their  sophistry  will  avail 
but  little  against  the  plain  dictates  of  Uie  under* 
standii:^.  To  those  who  refuse  to  admit  that 
enjoyment,  which  implies  the  powers  oi  eeaeaf 
tion,  and  of  voluntary -motion,  is  the  great  end  of 
animal  existence,  the  object  of  its  creation  must 
fOT  ever  remain  a  isak.  and  impenetrable  mj*- 
tery ;  by  sach  minds  must  all  further  inqnry 
into  final  causes  be  at  once  abandimed  as  utteriy 
vain  and  hopeiesB.  But  it  surely  requires  no 
laboured  rotation  to  overturn  a  system  that 
violates  every  analogy  by  which  our  reasottuigjs 
on  these  subjects  must  necessarily  be  guided^; 
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fknd  no  artificial  logic  or  scholastic  gyltogiBiua 
will  long  prevail  over  the  nataral  aentiment, 
which  must  ever  guide  oar  conduct,  that  animala 
possess  powers  of  feeling,  and  of  spontaneoua 
acdon,  and  faculties  appertaining  to  those  of 
intellect. 

The  fimctions  of  sensation,  perception,  and 
voluntary  motion  require  the  pres^ice  of  an 
animal  substance,  which  we  find  to  be  oiganized 
in  a  peculiar  manner,  and  endowed  with  very 
remarkable  properties.  It  is  called  the  medul- 
lary  smbttanee;  and  it  composes  the  greater  part 
of  the  texture  of  the  brain,  spinal  marrow,  and 
nerves;  oigans,  of  which  the  assemblage  is 
known  by  the  general  name  of  the  net-vous  system. 
Certain  affections  of  particular  portions  of  this 
medullary  substance,  generally  occupying  some 
central  situation,  are,  in  a  way  that  is  totally 
inexplicable,  connected  with  affections  of  the 
aentient  and  intelligent  principle ;  a  principle 
wbxb  we  cannot  any  otherwise  ccmceive  thui  as 
Joeii^  distinct  from  matter;  although  we  know 
that'  it  is  capable  of  being  affected  by  matter 
derating  throi^h  the  medium  of  this  nervous 
substance,  and  that  it  is  capable  of  reacting 
«ip«i  matter  through  the  same  medium.  Of  the 
truth  of  these  propositions  there  exist  abundant 
■pioofe;  but  as  the  evidence  which  establishes 
diem  will  more  conveniently  come  under  our 
nfdtce  at  a  subsequent  period  of  our  inquiry,  I 
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titail  postpone  their  conRdenttion ;  and,  pnyceed' 
ing  upcMi  the  aflsamption  that  this  eonnexiooi 
exists,  shall  next  impiins  into  the  nature  of  th^ 
interrenii^  steps  in  the  process,  of  which  flen- 
satioD  and  perception  are  the  results. 

Designating,  then,  by  the  name  of  brain  this 
primary  and  essential  organ  of  s«isation,  or  the 
organ  whose  physical  affections  are  immediately 
attended  by  that  change  in  the  percipient  being 
which  we  term  seHsationi  let  us  irst  inquire 
what  sdieme  ha«  been  devised  for  enabling  the 
brain  to  receive  impressions  from  snch  external 
objects,  as  it  is  intended  that  this  sentient  being 
^all  be  capable  of  perceiTing.  As  these  obje«M 
can,  in  the  first  instance,  make  impressions  ottly 
an  the  organs  situated  at  the  surface  of  the 
body,  it  is  evidently  necessary  that  some  mediuid 
of  communication  should  be  provided  between 
the  fflttemal  organ  and  die  brain.  Such  a  me- 
dium is  found  in  the  nerves,  which  are  whfte 
cords,  consisting  of  bundles  of  threads  or  fila- 
ments of  medullary  matter,  en^oped  in' sheaths 
of  membrane,  and  extending  continuomly  tmtA 
the  external  organ  to  the  brain,  where  they  sB 
terminate.  It  is  also  indispensably  reqmslte 
that  these  notices  of  the  presence  of  objectt 
should  be  transmitted  instantly  to  the  brain ;  f«r 
the  slightest  delay  would  be  attmided  with  se- 
liousevil,  and  might  even  lead  to  fatal  t^nse- 
qifences.    The  nervous  power,  of  which,  in  oar 
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review  c^  the  vital  fuqctions,  we  noticed  aoniG  of 
the  operations,  is  the  agent  employed  by  nature 
for  UuB  important  office  of  a  rapid  communica- 
tioa  of  impr«8Bi<»is.  The  velocity  with  which 
the  nerves  sabservieDt  to  aensatimi  transmit  the 
im^ressioDB  they  recdve  at  one  extremity,  aldng 
their  wlude  course,  to  their  termination  in  the 
brain,  exceeds  all  measurement,  wad  can  be 
compared  (mly  to  that  of  electricity  ptu»ji^ 
ahmg  a  inducting  wire. 

It  is  evidrait,  therefore,  that  the  brain  requires 
to  be  fiiniished  with  a  great  number  of  these 
nerves,  which  perform  the  office  of  conduotors  Af 
the  subtle  influence  in  question ;  and  that  these 
nerves  must  extend  from  all  those  parts  of  the 
body  which  are  to  be  rendered  sensible,  and 
must  unite  at  their  other  extremities  in  that 
central  organ.  It  is  of  especial  importance  that 
the  surface  of  the  body,  in  particular,  should 
communicate  all  the  impressions  received  from 
the  contact  of  external  bodies,  and  that  these 
imivessions  should  produce  the  most  distinct 
perceptions  of  touch.  Hence  we  find  that  the 
skin,  uid  all  those  parts  of  it  more  particularly 
intended  to  be  the  wgans  of  a  delicate  touch, 
are  most  abundantly  supplied  with  nerves ;  each 
nerve,  however,  communicating  a  sensation  dis- 
tinguishable from  that  of  every  other,  so  as  to 
enable  the  mind  to  discriminate  between  them, 
and  refer  them  to  their  respective  origins  in  difr 
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ferent  parts  of  the  sur&ce.  It  is  also  expeifieik 
that  the  internal  organs  of  the  body  should  have 
some  sensibility  ;  but  it  is  better  that  this  ^ould 
be  Tery  limited  in  degree,  since  the  occasioBS 
are  few  in  which  its  exercise  would  be  aseful, 
and  many  in  which  it  would  be  poeitively  inja-' 
rious :  hence  the  nerves  of  sensation  are  distri-' 
bated  in  less  abundance  to  these  mgans. 

It  is  not  sufficient  that  the  nerves  of  tondt 
should  communicate  the  perceptions  of  the  simple 
pressure  or  redstance  of  the  bodies  in  contact 
with  the  skin :  they  should  also  furnish  indic»' 
ticHis  of  other  qualities  in  those  bodies,  of  whidi 
it  is  important  that  the  mind  be  apprized ;  such, 
for  otample,  as  warmth,  or  coldness.  Wbethcf 
these  differait  kinds  of  impressions  are  all  con^ 
veyed  by  the  same  nervous  fibres  it  is  difficuh:, 
and  perhaps  impossible  to  determine. 

When  these  nerves  are  acted  upon  in  a  way 
which  threatois  to  be  injciri(»i8  to  the  part  im^ 
pressed,  or  to  the  system  at  large,  it  is  idso  their 
province  to  give  warning  of  the  imp^iding  evil, 
and  to  rouse  the  animal  to  such  exertions  as  may 
avert  it ;  and  this  is  effected  by  the  soisation  of 
pain,  which  the  nerves  are  commissioned  to 
excite  on  all  these  occasions.  They  act  the  pait 
of  sentinels,  placed  at  the  outposts,  to  give  sig- 
nals of  alarm  on  the  approach  of  da^;er. 

Sensibility  to  pain  must  then  enter  as  a  ne^ 
cessary  constituent  among  the  animal  functions^ 
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for  \aA  this  pn^rty  berai  omitted,  the  anim^ 
syvtem  would  have  been  bnt  of  short  duratioa, 
exposed,  as  it  must  necessarily  be,  to  p^petual 
casualties  of  every  kind.  Lest  any  imputation 
^bould  be  attempted  to  be  thrown  on  the  bene- 
volent int^itifHis  of  the  great  Author  and  De- 
Ngner  of  this  beautiful  and  wondrous  fabric,  so 
expressly  formed  for  varied  and  pndonged  en- 
joyiaent,  it  should  always  be  borne  in  mind  that 
ttie  occasional  suffering,  to  which  an  animal  is 
mfa^cted  from  this  law  of  its  organization,  is  far 
OBOie  than  counterbalanced  by  the  consequences 
arising  firom  thecapacities  for  pleasure,  with  which 
it  has  been  beneficently  ordained  that  the  healthy 
•xerctse  of  the  functions  shall  be  accompanied. 
Bc^oyment  appears  universally  to  be  the  main 
end,  the  rule,  the  ordinary  and  natural  condi- 
tion :  while  pain  is  but  the  casu^ty,  the  exc^t-: 
tion,  the  necessary  remedy,  which  is  ever  tmding 
to  a  remoter  good,  in  subordination  to  a  highet 
law  of  creation. 

It  is  a  wise  and  bountiful  provision  of  nature 
that  each  of  the  internal  parts  of  the  body  has 
been  endowed  with  a  particular  sensibility  tq 
those  impressions  which,  in  the  ordinaiy  course^ 
have  a  tendency  to  injure  its  structure  ;  while  it 
has  at  the  same  time  been  rmdered  nearly,  if 
not  completely,  insensible  to  those  which  are  not 
injurious,  or  to  which  it  is  not  likely  to  be  ex? 
posed.     T^idons  and  ligaments,  for  example, 
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are  iowaeible  to  maay  come»  of  meckkanncal 
irritatioa,  such  as  cutting,  pricking,  fmd  even 
l»tniing :  but  the  momeot  they  <ice  violently 
stretched,  that  being  the  mode  in  which  they 
we  mo«t  liaUe  to  be  injured,  they  instantly 
commwiioftte  a  feeling  of  acute  pain.  The 
bonee,  in  like  manner,  scarcely  ever  communi- 
cate pain  ia  the  healthy  state,  except  from  the 
applicatifm  of  a  mechanical:  force  which  tepoda 
to  fractnre  them. 

The  ayet^n  of  nerves,  compriaii^F  thoie  wJbic^ 
are  dew^ed  to  convey  the  impresflions  of  touch, 
is  univenrily  preaent  in  all  clasaes  of  animals.^ 
and  anbap  the  IftweM  orders,  they  appear  to  cob- 
stitute  the  sde  jbedium  of  communication  with 
the  external  world.  As  we.  rise  in  the  scal6-<^ 
animals  -we  find  the  faculties  ai  perceptictn  ex- 
tending to  a  Tider  range,  and  many  qual^tiea^ 
depending  on  thecbeuucal  action  of  bodies,  are 
rendered  sensible,  more  especially  tiiose  which 
belong  to  the  substances  employed  as  food. 
Hence  arises  the  stase  of  taste,  which  may  be 
regarded  as  a  new  and  more  refined  species  <^ 
touch.  Thia  differtoce  in  the  nature  Of  the  im* 
preasious  to  be  ocn^yed,  renders  it  necessMy 
that  the  structure  of  the  n^res,  or  at  leartof 
those  parts  of  the  nerves  which  are  to  receive 
the  impression^  should  be  modified  and  adapted 
to  this  particulaz'  mode  of  acti(m. 
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As  the  sphere  of  perception  is  enlarged,  it  is 
made  to  comprehend,  not  merely  those  objects 
which  are  actually  in  contact  with  the  body,  but 
also  those  which  are  at  a  dist&nce,  and  of  the 
existence  and  properties  of  which  it  is  faig^y 
important  that  the  animal,  of  whose  seneitiTe 
faculties  we  are  examining  the  successive  en<- 
dowment,  should  be  ^prized.  It  is  moie  eape* 
cially  necessary  that  he  should  acquire  an  accu- 
rate knowledge  of  the  distances,  situations  laad 
inoti<mB-of  surrounding  objects.  Nature  has 
accordingly  provided  suitable  organizaitions  fi»r 
vision,  for  hearing,  and  for  the  perception  of 
odours ;  all  of  which  senses  estabBsh  exteneiTe 
relations  between  him  and  the  external  world. 
Bad  give  him  the  command  of  Terious  objects 
which  are  necessary  to  supply  his  wants,  or 
procure  him  gratification;  and  which  also  ap- 
prize  him  of  danger  while  it  is  yet  jemotei 
and  may  be  avoided.  Endowed  with  the  power 
of  combining  all  these  perceptions,  he  com- 
mences his  career  of  aensittre  and  intellectual 
exutence;  and  thoi^h  he  eoou  leanu  that  he 
IB  dependent  for  most  of  his  sensations  on. the 
changes  which  take  place  in  the  extonal 
W(rid,  he  is  also  conscious  of  an  iateroal 
power,  wfai<!h  gives  him  some  kind  of  con* 
trcrf  over  maiiy  of  those  clwBges,  and  that  h* 
moves   his   limbs  by  his  own  voluntary  act; 
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movanente  which  wigiaally,  and  of  thenuelitear 
appear,  in  most  animals,  to  be  produotive  of 
great  enjoyment. 

To  a  person  unused  to  reflection,  the  pheno- 
mena of  sensation  and  perception  may  appear  ta 
require  no  elaborate  investigaticai.  That  he 
may  behold  external  ol^ects,  nothing  more  seems 
necessary  than  directing  his  eyes  towEitds  th«au. 
He  feda  as  if  the  sight  of  those  objects  were. a 
necessary  consequoice  of  the  motion  of  his  eye- 
balls, and  he  dreams  not  that  th&e  can  be  any 
thing  marrellouB  in  the  function  of  the  e^e,  o« 
that  any  other  organ  is  concerned  in  this  Mcnple 
act  of  Tision.  If  he  wishes  to  ascertain  the 
solidity  of  an  object  within  his  reach,  he  knows 
that  he  has  but  to  str^xh  fiHlh  his  hand,  and  t« 
feel  in  what  degree  it  resists  the  pressure  he 
gires  to  it.  No  exertion  even  of  this  kind  i^ 
required  for  hearing  the  voices  of  his  companions, 
or  being  appiized,  by  the  increasing  loudQesa  of 
the  sound  of  falling  waters,  as  he  advances  in  a 
particular  direction,  that  he  is  coming  neavw 
and  nears'  to  the  cataract.  Yet  how  much  is 
really  implied  in  all  these  apparently  simple 
phenomena  I  Science  has  taught  us  that  these 
perc^itions  of  external  objects,  far  from  being 
direct  or  intuitiTe,  are  only  the  final  results  of  a 
long  series  of  operations,  produced  by  agents  of 
a  most  subtle  nature,  which  act  by  curious  and 
complicated  laws,  upon  a  refined  organizatioot 
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disposed  in  particular  situations  in  our  bodies, 
and  adjusted  with  admirable  art  to  receive  their 
impressions,  to  modify  and  combine  them  in  a 
certain  order,  and  to  convey  them  in  r^ular 
succession,  and  without  coniiision,  to  the  imme* 
diate  seat  of  sensation. 

'  Yet  this  process-,  complicated  as  it  may  ap- 
pear, constitutes  but  the  first  stage  of  the  entire 
junction  of  perception :  for  ere  the  mind  can 
arrive  at  a  distinct  knowledge  of  the  presence 
&nd  peculiar  qualities  of  the  estemal  object 
which  gives  rise  to  the  sensation,  a  long  series  of 
tnental  changes  must  intervene,  and  many  inteN 
Jectual  operations  must  be  performed.  All  these 
take  place  in  such  rapid  succession,  that  even 
when  we  include  the  movement  of  the  limb, 
-trhich  is  consequent  upon  the  perception,  and 
Which  we  naturally  consider  as  part  of  the  same 
eobtitiHOus  action,  the  whole  appears  to  occupy 
hut  a  «ngle  instant.  Upon  a  carefid  analysis  of 
fite  {rfienomena,  however,  as  I  shall  afterwards 
Attempt  to  show,  we  find  that  no  less  than  twelve 
distinguishable  kinds  of  changes,  or  radier  pro- 
cesses, some  of  which  imply  many  changes,  must 
always  intervene,  in  regular  succession,  between' 
the  action  of  the  external  object  on  the  oi^an  of 
siBuse,  and  the  voluntary  movement  of  the  limb 
which  it  excites. 

'  The  external  agents,  which  are  capable  of 
alfecting  the  different  psats  of  the  nervous  syS- 
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tem,  BO  as  to  pFoiUice  aenaation,  are  of  ditifere^ 
kinds,  and  are  governed  by  laws  peculiar  to 
themseWee.  The  structure  of  the  o^a&s  must, 
accordingly,  be  adapted,  in  each  particular  cai^ 
to  leceave  the  impresHiiHis  made  by  these  agentat 
and  must  be  modified  in  exact  confDrmity  with 
the  physical  lavs  they  obey.  Thus  the  stmc- 
bire  oi  that  portion  of  the  nerroos  system 
which  receives  visual  impressions,  and  which  is 
termed  the  retina,  must  be  adapted  to  the  action 
of  light ;  and  the  eye,  through  which  the  rays 
■le  made  to  pass  b^bre  reat^iing  the  retim, 
must  be  constructed  with  strict  r^erence  to  die 
laws  of  optics.  The  ear  must,  in  like  manner, 
be  £onned  to  recrave  delicate  impressions  inm 
those  vilirationB  of  the  air  which  occaKon.  sonnd. 
The  eztremities  of  the  nerves,  in  these  and  oth^ 
organs  of  the  senses,^  are  spread  out  into  a  ddi- 
cate  expansion  of  surface,  having  a  softer  and 
moce  uniform  texture  than  the  rest  of  the  nerve, 
whereby  they  acquire  a  susceptibility  of  being 
afiESected  by  thenr  own  apinnpriate  agents,  and 
by  no  other.  The  function  of  each  nerve  of 
sense  is  determinate,  and  can  be  executed  by  no 
other  part. of  the  nervons  system^  These  Amo- 
tions are  not  intearchangeable,  as  is  the  case  with 
many  others  in  the  animal  system.  No  nerve, 
but  the  optic  nerve,  and  no  part  c^  that  nerve, 
exc^t  the  retina,  is  ca{»ble,  however  impressed, 
of  giving  rise  to  the  sensatioD  of  light :  no  paK 
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(rfthe  Dorrous  system,  but  die  audiuvy  nerve 
can  cbflTcy  that  of-Bomnd;  and  so -of  the  ksL 
The  credulity  of  Uie  public  haa  sometimes  been 
h^Msed  upon  by  persons  who  pteit^iAed  to  see 
■by  means  of  their  Angers :  thus,  at  liverpool, 
the  celebrated  Miss  M'AToy  c<»itriTed"  for  a 
Imig  time  to  persuade  a  great  nuaibcar  of  p^'stoiB 
that  she  really  possessed  thi*  miraculous  power. 
Equally  unworthy  of  credit  are  all  the  atories  of 
persons,  under  the  influence  of  auimal  magnet- 
ism, hearing  sounds  addressed  to  the  pit  of  the 
steawch,  and  reading  the  pages  of  a  book  ap- 
l^ed  to  the  skin  orer  that  oi^^Em. 

In  almost  every  case  the  imprrasion  made 
upon  the  sentient  extremity  of  the  nerre  wbich 
is  appropriated  to  sensation,  is  not  the  direct 
effect  of  the  externa)  body,  but  results  from  the 
ageney  of  some  iaterrening  medium.  There  is 
always  a  portiMi  of  the  wgan  ofaeaae  interposed 
betwcMi  the  object  and  the  nerve  on  which  die 
impression  is  to  be  made.  The  object  is  never 
flowed  to  come  into  direct  contact  with  the 
nerves;  not  even  in  the  case  of  touch,  where 
the  organ  is  defended  by  the  cuticle,  through 
which  the  impressiou  is  made,  and  by  which 
that  impression  is  modified  so  as  to  produce  the 
proper  effect  od  the  subjacent  nerves.  This  ob- 
servation applies  with  equal  force  to  the  oi^;ans 
of  taste  and  of  unell,  the  nerves  of  which  are 
not  only  sheathed  with  cuticle,  but  defended 
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firom  too  violent  an  action  by  a  aecretioa  ez'^ 
jH^ssly  proTided  fw  tliat  purpose.  In  the  senses 
of  hearing  and  of  vision,  the  changes  which  take 
place  in  the  organs  interposed  between  the  ex- 
ternal impres^ons  and  the  nerres,  are  still  more 
remarkable  and  impcHtant,  and  will  be  respec- 
tively the  subjects  of  separate  inquiries.  The 
objects  of  these  senses,  as  well  as  those  of  sm^^ 
being  situated  at  a  distance^  produce  their  &st 
impressi<MiB  by  the  aid  of  some  medium,  exterior 
to  our  bodies,  through  which  tineir  influence 
extends:  thus,  the  air  is  the  usufd  medium 
through  which  both  tight  and  sound  are  coa<- 
veyed  to  our  oi^ans.  Hence,  in  order  to  under^ 
stand  the  whole  series  of  phenomena  belonging 
to  sensation,  regard  must  be  had  to  the  [AyBical 
laws  which  regulate  the  transmission  of  theae 
agents.  We  are  now  to  consider  these  inter-. 
mediate  processes  in  the  case  of  each  of  the 
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I  HAVB  already  had  occasion  to  point  out  the 
stfucture  of  the  integuments,  conmdered  in  their 
mecfaaaical  office  of  protecling  the  general  frame 
of  the  body* ;  but  we  aie  now  to  view  them  in 
their  ration  to  the  sense  of  touch,  of  which 
they  aie  the  immediate  oi^;an.  It  will  be  recol- 
lected that  the  corium  forms  the  principal  portion 
of  tiie  ^n ;  that  the  cuticle  composes  the  outer- 
meet  layer ;  and  that  between  these  there  occurs 
a  l^in  layer  of  a  sul^tance,  termed  the  rete  mu- 
cotum.  The  corium  is  constructed  of  an  inter- 
texture  of  dense  and  tough  fibres,  through  which 
a  multitude  of  blood  vessels  and  nerves  are 
interspersed ;  but  its  external  surface  is  more 
vascular  than  any  other  part,  exhibiting  a  fine 
and  delicate  net-work  of  vessels,  and  it  is  this 
porticm  of  the  dtin,  termed  by  anatomists  the 
vasaUar  plexus,  which  is  the  most  acutely  sen-: 
sible  in  every  point :  hence,  we  may  infer  that 
it  contains  the  terminations  of  all  the  nervous 
filaments  distributed  to  this  oi^an,  and  which 

*  Volume!,  p.  112. 
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are  here  fouDil  to  divide  to  an  extreme  degree 
of  minutenesB. 

When  examined  with  the  microscope,  this  ex- 
tonal  surface  presents  a  great  number  of  minute 
projecting  filaments.  Malpighi  first  discotered 
this  structure  in  the  foot  of  a  pig;  and  gave 
these  pnmunences  the  name  of  papilla.  It  is 
probable  that  each  of  these  papillse  contains  a 
separate  branch  of  the  nerves  of  touch,  the  inti- 
mate ramifications  <i^  vhicb  are  spread  over  the 
surface ;  so  that  ve  may  cMisider  these  papilke, 
of  which  the  assemblage  has  been  termed  the 
corpus  papillare,  as  the  principal  and  immediate 
organ  of  touch.  This  structure  is  particularly 
conspicuous  on  those  parts  of  the  skin  which  are 
more  especially  apprc^riated  to  this  sense,  such  as 
the  tips  of  the  fingers,  the  tongue,  anddie  lipft; 
in  other  parts  oS  the  sur&ce,  which  are  ehdotred 
with  leas  sensibility,  the  papilte  are  scarcely 
visible,  even  with' the  aid  of  the  microseope. 

The  surface  of  the  corium  ts  exquisitely  sea- 
sible  to  all  irritations,  whether  proceeding  from 
the  contact  of  foreign  bodies,  or  from  the  im- 
pression of  atmospheric  air.  This  extreme  sen- 
sibility of  the  corium  would  be  a  source  <^  con- 
stant torment,  were  it  not  defended  by  the  cutid«» 
which  is  unprovided  with  either  blood-vesselB  or 
nerves,  and  is,  therefore,  wholly  insensible.  For 
the  same  reason,  also,  it  is  little  liable  to  cbai^e« 
and  is  thus,  in  both  respects^  admirably  calcu- 
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latad  to  afford  protection  to  the  finely  organized 
corium. 

Ahhongh  tbe  cuticle  exhibits  no  traces  of  voA- 
Gslaiity,  it  ifl  by  no  means  to  be  regarded  as  a 
'  dead  or  inorganic  substance,  like  the  shells  of 
tbe  moUasca.  That  it  is  still  part  of  the  linng 
system  is  prored  by  the  changes  it  frequently 
undei^oes,  both  in  the  natural  and  the  diseased 
conditionsof  the  body.  It  is  perpetually,  though 
slowly,  undergoing  decay  and  renovation ;  its 
external  sariace  drying  off  in  minute  scales, 
and  in  some  animals  peeing  off  in  large  por- 
tions. When  any  part  of  the  human  skin  is 
scraped  with  a  knifiB,  a  grey  dust  is  detached 
fifom  it,  wEuch  is  found  to  consist  of  minute 
scales. 

By  repeated  friction,  or  pressure  of  any  part 
of  f be-  ekia,  the  cotiele  soon  acquires  an  increase 
of  thickness  and  of  hardness ;  this  is  observable 
in  the  soles  of  the  feet,  and  palms  of  the  hands, 
aad  in  the  fingers  of  thoee  who  make  much  use 
of  Ihem  in  laborious  work.  But  this  greater 
thickness  m  the  parts  designed  by  nature  to 
suffer  considerable  {M%ssure,  is  not  entirely  the 
efibct  of  edoca^n  ;  for  the  cuticle,  which  exists 
before  birth,  is  found  even  then  to  be  much 
tiiicker  on  the  soles  of  the  feet,  and  palms  of  the 
hands,  than  on  other  parts.  This  example  of 
provident  care  in  or^inally  adjusting  the  struc* 
tares  of  parts  to  the  circumstances  in  which 
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they  are  to  be  placed  at  an  aAer  period,  would 
of  itself,  were  it  a  solitary  instance,  be  well  fitted 
to  call  forth  our  admiration.  But  the  proc^  of 
design  in  the  adaptation  of  oi^ans  to  their  resn 
'pecttve  purposes  multiply  upon  us  in  such  pn>" 
finiou,  as  we  study  in  detail  each  department  of 
the  animal  economy,  that  we  are  apt  to  overio(^ 
iodividual  instances,  unless  they  are  particalarly 
brought  before  our  notice.  How  often  have  we- 
witnessed  and  printed  by  the  rapid  renewal  c^ 
the  cuticle,  when  by  any  accident  it  has  been 
destroyed,  without  adverting  to  the  nature  ni  the 
process  which  it  implies;  or  r^ected  that  die 
Teasels  of  the  skin  must,  on  all  these  occasioiM, 
supply  the  materiab,  out  of  which  the  new 
cuticle  is  to  be  formed,  must  efifect  their.  com<-- 
bination  in  the  requisite  proptHtions,  and  must 
deposit  them  in  the  precise  situations  in  whkii 
they  are  wanted  I 

Different  anifttals  present  remarkable  differ- 
ences in  the  thickness  and  texture  of  the  cuticle, 
according  to  the  element  they  are  destined  to 
inhabit,  and  the  situations  in  which  they  ar^ 
most  frequently  placed.  ProTifHon  is  in  many 
cases  made  for  presenring  the  cuticle  from  ttw 
injury  it  would  receive  from  the  long  continued 
action  of  the  air  or  water ;  for  it  is  apt  to  become 
rigid,  and  to  peel  off,  fnun  exposure  to  a  Tcay- 
dry  fUmosphere ;  and  the  constant  action  oi 
water,  on  the  contrary,  renders  it  too  soil  and- 
spongy.     In  order  to  guard  against  both  these 
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tSSectMy  the  skia  has  beea  furnished,  in  variouB 
parts  of  its  surface,  with  a  secreting  apparatus, 
vhich  pours  out  unctuous  or  mucilaginous  fluids : 
Ute  oily  secretions  being  more  particulaiiy  em>- 
ployed  as  a  defence  against  the  action  of  the 
ait,  and  the  mucilaginous  fluids  as  a  protection 
against  that  of  water. 

The  conditions  on  which  the  perfection  of  the 
sense  of  touch  depends  are,  first,  an  abundant 
proviuou  of  soft  papillae  supplied  with  numerous 
nerves ;  secondly,  a  certain  degree  of  fineness 
in  the  cuticle ;  Uiirdly,  a  soft  cushion  of  cellular 
Substance  beneath  the  skin ;  fourthly,  a  hard 
resisting  basis,  such  as  that  which  is  provided  in 
the  nails  of  the  human  fingers ;  and  lastly,  it  is 
requisite  that  the  oi^n  be  so  constnicted  as  to 
be  capable  of  being  readily  applied,  in  a  variety 
of  directions,  to  the  unequal  suriaces  of  bodies ; 
for  the  closer  the  contact,  the  more  accurate  will 
be  the  perceptions  conveyed.  In  forming  an 
estimate  of  the  d^ree  of  perfection  in  which 
this  sense  is  exercised  in  any  particular  animal, 
we  must,  accordingly,  take  into  account  the 
mobility,  the  capability  of  flexion,  and  the  figure 
of  the  parts  employed  as  organs  of  touch. 

As  touch  is  the  most  important  of  all  the 
sfflisee,  inasmuch  as  it  is  the  foundation  of  all 
our  knowledge  of  the  material  world,  so  its  rela- 
tive  de^;ree8  of  perfection  establish  marked  difi 
ferraices  in  the  intellectual  sagacity  of  the  several 
tribes,  and  have  a  considerable  influence  on  the 
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aBsignment  of  tbeir  proper  Nation  In  the  scale  of 
animals. 

Although  the  power  of  receiving  obscure  im- 
pressions from  the  coDtact  of  external  bodies, 
and  of  perceiving  variations  of  temperature,  is 
probably  possessed  by  all  animals,  a  unall  num* 
ber  only  are  provided  with  organs  specially 
appropriated  for  fxinveying  the  more  delicate 
sensations  of  touch.  The  greater  part  of'  the 
Bur&ce  of  the  body  in  the  testaceous  MoUosea  is 
protected  by  a  hard  and  insensible  covering  of 
shell.  The  int^^ments  of  Insects,  eepecially 
those  of  the  Coleoptera,  are  in  general  too  rigid 
to  receive  any  fine  impreuions  from  the  bodica 
which  may  come  in  contact  with  them  ;  and  ihe 
same  observation  applies,  with  even  greater  fofc«, 
to  the  Crustacea.  The  scales  of  Fishes,  and  of 
Reptiles,  the  solid  encasements  of  the  Cheloniat 
the  plumage  of  Birds,  the  dense  coating  of  the 
Armadillo,  the  thick  hides  oi  the  Rhinoceros, 
and  other  Pachydermata,  are  evidenUy  incom* 
patible  with  any  delicacy  of  touch.  This  nieer 
faculty  of  discrimination  can  be  enjoj^ed  oaly 
by  animals  having  a  soft  and  flexible  intega-t 
ment,  such  as  all  the  naked  Zoophytes,  Worms, 
and  Mollusca,  among  the  lower  orders,  and  Ser- 
pents, among  the  higher.  The  flexibility  of  the 
body  or  limbs  is  another  condition  which  is  ex- 
tremely necessary  towards  procuring  extenflive 
and  correct  notions  of  the  relative  posUtons  -of 
external  objects.     It  is  essential  therefore  that 
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those  instaruments  which  are  more  particnlarly 
intended  as  organs  of  touch,  should  possess  this 
property. 

It  will  n(^  be  necessary  to  enter  into  a  minute 
description  of  these  oigans,  because  they  have, 
for  the  most  part,  been  already  noticed  as  in- 
struments of  prehension  ;  for  the  sense  of  touch 
is  in  general  exercised  more  particularly  by  the 
same  parts  which  perform  this  latter  function. 
Thus  the  tentacula  of  the  various  tribes  of 
Polypi,  of  Actinis,  and  of  Annelida,  are  organs 
both  of  prehension  and  of  touch.  The  tubular 
feet  of  the  Asteriaa  and  Echinus  are,  in  like 
manner,  subservient  both  to  the  sense  of  touch, 
end  to  the  faculty  of  progressive  motion.  The 
feet  of  Insects  and  of  Crustacea  are  well  cal- 
eolated,  indeed,  by  their  jointed  structure,  for 
being  applied  to  the  surfaces,  and  to  different 
ades  of  bodies ;  but  they  are  scarcely  ever  em- 
ployed in  this  capacity ;  being  superseded  by  the 
palpii  which  are  situated  near  the  mouth.  When 
insects  are  walking,  the  palpi  are  incessantly 
ai^lied  to  the  surface  on  which  they  advance, 
as  if  these  organs  were  especially  employed  to 
feel  their  way.  There  can  be  little  doubt,  how- 
ever, that,  in  most  insects,  the  principal  organs 
of  touch  are  the  Antennee,  also  denominated,  from 
their  supposed  office,  thsjeelers.* 

Some  idea  of  the  great  variety  in  the  forms  of 

*  The  Gennan  name  for  them,  fMhUrner,  or  the  feeling 
kormi,  is  founded  on  the  same  iioiion. 
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the  antennie  of  insects  may  be  obtained  Ch>iti 
the  specimens   ddineated  in  Fig.   381, 
shows  a  few  of  the  most  remarkable.* 


*  la  thii  figure,  A  repreMnU  the  toim  of  antenoffi,  lachiaicllljr 
denoiniDBl«d  A»t»nma  capitulo  uacinato,  u  esemplified  i^  tbe 
Pautut. 

B.  is  the  A.  piloso-verttcillau,  as  in  the  Psychoda  ocellarit. 

C  .  A.  biclavata,  (Claviger  longicomu). 

D . .  A.  triangulara,  ( Lophotia). 

E,  .A.  clavata,  (MataTu). 

F,  ,A.  capit.  lamellato,  (Meloloulha  mas). 
•    G.  .A.  capit.  fissile,  (AphodiusfossorJ. 

H . .  A.  fusiformis,  (Zygana). 

\..A.  c^yHaXx,  (Aicalaphut). 

K.  .A.  furcata,  (Nepa). 

L. .  A.  bipectinata,  (  Bombyx). 

H . .  A.  irregularis,  (Agaan  paradoxum). 

N . .  A.  cordate,  (Diajieris  boleti). 

0..A.  bipectineta,  (Ctenophora). 

P.  .A.  palmata,  (Nepa  cinerea). 

Q.  .A.  ensifonnis,  (Truxatit). 

R.  .A.  Mtacea,  (Cerambyrj. 
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The  unnenalitf  of  these  iffgans  among  every 
qieoiea  of  this  extensive  class  of  animals,  their 
great  flexibility,  arising  from  their  jointed  strac- 
ture,*  their  incessant  motion  when  the  insect 
is  walking,  and  their  constant  employment  in 
examining  the  surfieices  cf  all  the  bodieB  with 
which'  Ihey  come  in  contact,  sufficiently  point 
them  oat  as  instraments  of  a  very  delicate,  sraise 
ci  toocht  Oiffans  of  this  kind  were  particularly 
necessary  to  insects,  since  the  homy  nature  of 
the  integuments  of  the  greater  number  pre-> 
eludes  them  from  imparting  any  accur^e  per- 
eeptiona  of  touch. 

.  It  has  been  conjectured  that  the  antennee  of 
insects  are  the  organs  of  other  senses  besides 
that  of  touch.  If  an  insect  be  deprived  of  its 
antennae,  it  either  remains  mottcmless,  or  if  it 
attonpt  to  walk  or  fly,  appears  bewild^ed,  and 
mores  without  uiy  apfwreat  object.  Huber 
ibund  that  bees  are  enabled,  by  feeling  wiUi 
th^  antenns,  to  execute  their  various  works  in 
the  interior  of  the  hive,  where,  of  course,  they 
can  have  no  assistance  from  light.  They  employ 

*  lite  number  of  seg;menU  into  which  these  organi  are  divided 
is  often  very  great.  In  the  Orytlotaipa,  or  mole  cricket,  it 
unoanU  to  Kbore  100.  (Kidd,  Phil.  Trani.  for  1825,  p.  211.) 
This  inaect  has,  besides  the  »ntenas  on  the  head,  two  poaterior 
or  candal  antennte,  which  aift  not  jointed,  excepting  at  their 
very  commencement.  These  ore  extremely  leniible,  and  lerre 
probably  to  ^ve'  the  animal  notice  of  tJie  ftpproach  of  any 
annoyance  from  behind.  lb.  p.  216. 
VOL.  II.  C  C 
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theee  of^ans  perpetually  f^le  building  die 
combs,  pouTing  hmiey  into  the  magBEinea, ; 
taining  the  presence  of  the  queen, .  and  i 
and  tending  the  lame.  The  Mine  naturaltit 
obeerres,  also,  that  it  ia-  priiicipallyby^  ineaoB  «f 
the  antcauMt  that  .theM  Booial  iosectB  anamiiBi-' 
cate  to  one  another  their  imprsaiionB  and  thctr 
wants. 

The  di£ferent  modes  in  which  ants,  when  tfaey. 
happen  to  meet  dnring  their  excoraions,  mu-. 
toaUy  touoh  one  another  with  their  antdms; 
ai^ars  to  constitute  a  kind  of.  natural  lah- 
guage  understood  by  the  whole  tribe.  This 
c<mtact  of  the  antennas  evidently  admits  oi  a 
great Tariety of  modifioations,  and-seenBcapaUe 
of  supplying  all  the  kinds  of  infonnationi  whioh 
these  insecte  have  occaucHi  to  impart.  It  woaU 
teem  impoauble,  indeed,  for  all  the  individuals 
composing  diese  exteoMTe  societies  to  co-operate 
^ectually  in  the  execution  of  many  wOiter' 
calculated  for  the  general  benefit  of  the  com- 
munity, unless  soBfte  such  means  of  commu- 
nication listed.  Th«ffe  is  no  evidence  thai) 
sound  is  the  medium  of  this  intercourse ;  fw 
none,  audible  to  us  at  least,  was  ever  known. 
to  be  emitted  by  these  insects.  Their  mode 
of  conversing  together  appears  to  be  simply 
by  touching  one  another  in  different  ways  with 
the  antennee. .    Huber's  observations    on    this 
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aubjeot  are  exceedingly  curious.*  He  remarks 
that  the  signal  dei:K)tii^  the  apprehension  of 
daager,  is  made  by  the  ant  striking  its  head 
•l^nst  the  corselet  of  eVeiy  ant  which  it  chances 
fe»  meet.  Each,  ant,  on  receiving  this  intinu- 
tiiHi,  immediately  sets  about  repeating  the 
same  signal  to  the  next  ant  which  comes  in  its 
way;  and  the  alarm  is  thus  disseminated  with 
astcmiahing  rapidity  throughout  the  whole  so^ 
eic^.  SentiDels  are  at  all  times  stationed  on 
the  outside  of  Uie  neets,  for  the  purpose  of 
f4»prizing  the  inhabitants  of  any  danger  that 
may  be  at  hand.  On  the  attack  of  an  enemy, 
theee  guardians  quickly  enter  into  the  nest,  and 
s]H«ad  the  intelligence  on  every  side :  the  whole 
swarm  is  soon  in  motion,  and  while  the  greater 
niimfoer  of  ants  rush  forwards  with  desperate 
fury  to  repel  the  attack,  others  who  are  entrusted: 
with  the  office  of  guarding  the  e^s  and  the 
larvK,  hasten  to  remove  their  chaise  to  places  of 
greater  security. 

When  the  queen  bee  is  forcibly  taken  away 
Aom  ibe  hive,  the  bees  which  are  near  her  at 
tlM  time,  do  not  soon  appear  sensible  of  her  ab* 
sence,  and  the  labours  of  the  hire  are  can-ied  on 
as  usual.  It  is  seldom  before  the  lapse  of  an 
hour,  that  the  workmg-bees  b^in  to  manifest 
any  symptoms  of  uneasiness :    they  are  then 

'*  9ee  his  "  RecheTchei  snr  les  niteqrs  des  fourmis  indigenes." 
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obserred  to  quit  the  larf  eb  which  they  bad  been 
feeding,  and  to  run  about  in  great  agitation,  to 
and  fro,  near  the  cdl  which  the  queen  had  oc- 
cupied before  her  abducticm.  They  then  n)OT9 
over  a  wider  circle,  and  on  meeting  with  such  oi 
th«r  companions  as  are  not  aware  of  the  diBaot^* 
communicate  the  intelligence  by  crossiug  their 
antennae  and  striking  lightly  with  them.  ;The 
bees  which  receiTe  the  news  become  in  thicir 
turn  agitated,  and  conveying  this  feeling  whtre- 
6ver  they  go,  the  alarm  is  soon  participated  t^ 
all  the  inhabitants  of  the  hive.  All  rush  forwazdy 
with  tmnultuous  precipitation,  eagerly  seeking 
their  lost  queen  ;  but  after  cobtinuing  the  search 
for  some  hours,  and  finding  it  to  be  fruitla^ 
they  appear  resigned  to  their  misfortune.;  (h^ 
noisy  hubbub  subsides,  and  the  bees  quietly 
resume  their  labours. 

A  bee,  deprived  of  its  antenna,  immediately 
becomes  dull  and  listless :  it  desists  irom  its 
usual  labours,  remains  at  the  bottom  of  the  hive, 
seems  attracted  only  by  the  light,  and  takes  the 
first  opportunity  of  quitting  the  hive,  never,  mom 
to  return.  A  queen  bee.  thus  mutilated,  la^ 
about,  without  apparent  object,  as  if  in  a.stat^ 
of  delirium,  and  was  incapable  of  direi^ng  h^ 
trunk  with  precision  to  the  food  which ,  wr^ 
ofiered  to  her.  Latreille  relates  that,  having  d|C-. 
prived  some  labouring  ants  of  their  antennae,  ^ 
replaced  them  near  the  nest ;  but  they  wande^qd 
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scious of  what  they  were  doing.  Some  of  tiiar 
companions  -were  serai  to  notice  dieir  distress, 
and  approaching  them  with  apparent  compas- 
eion,  applied  their  tongues  to  the  wounds  of  the 
sufferers,  aiid  anointed  them  with  their  saliva. 
This  trait  of  sensibility  was  repeatedly  witnessed 
hy  Latreille,  while  watching  their  movements 
with  a  magnifying  glass. 

The  Arachnida,  from  the  mobility  of  their 
Kmbs,  and  the  thinness  of  Uieir  cutaneous  invest- 
ment, have  a  very  delicate  sense  of  touch. 
Among  the  Mollusca,'  it  is  only  the  higher  orders 
of  Cephalopoda  that  enjoy  this  sense  in  any  con- 
siderable degree,  and  they  are  enabled  to  exer- 
cise it  by  means  of  their  long  and  flexible  ten* 
taenia.  Many  bivalve  mollusca  have,  indeed, 
ft  set  of  tentacula  placed  near  the  mouth,  but 
they  are  short,  and  of  little  power.  It  is  pro* 
foable  that  the  foot  may  also  be  employed  by 
these  animals  as  an  organ  of  touch. 

Fishes  are,  in  general,  very  ill-constructed  for 
&e  exercise  of  this  sense,  and  their  fins  are  used 
for  no  other  purposes  than  those  of  progressive 
motion,  lliat  part  of  the  surface  which  pos- 
sesses the  most  acute  feeling  is  the  under-side, 
where  the  integuments  are  the  thinnest.  The 
chief  seat  of  the  sense  of  tonch,  however,  is  the 
lip,  or  end  of  the  snout,  which  is  lai^ely  sup- 
plied with  nerves;   and  perhaps  the  citrAi,  or 
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little  Tenntfonn  processes  called  barbels,  whicK 
in  sotne  species  are  appended  to  the  month, 
may  be  subservient  to  this  sense.*  These  pro- 
cesses in  the  Siluru3  giants  are  moved  hy  par- 
ticular muscles. 

Serpents,  from  the  great  flexibility  of  their 
spine,  are  capable  of  grasping  and  twining  roiind 
objects  of  almost  any  shape,  and  of  taking,  as 
it  were,  their  exact  measure.  This  conformation 
must  be  exceedingly  favourable  to  the  acquisi- 
tion of  correct  perceptions  of  touch.  As  it  is 
these  perceptions,  which,  as  we  shall  afterwards 
find,  lay  the  foundation  of  the  most  perfect  ac- 
quaintance with  the  tangible  properties  of  sur- 
rounding bodies,  we  may  presume  that  this 
power  contributes  much  to  the  sagacity  possessed 
by  these  animals.  It  has  been  said  of  Serpents, 
that  their  whole  body  is  a  hand,  conferring  amnc 
of  the  advantages  of  that  instrument.  Hellman 
has  shown  that  the  slender  bifurcated  toAg^^ 
of  these  animals  is  used  for  the  purposes  of 
touch,  t 

In  those  species  of  Lizards  which  are  enA^ 
bled  by  the  structure  of  their  feet  to  clasp  the 
branches  of  trees,  as  the  Gecko  and  the  Char 

*  Theu  kind  of  tentacula  are  remarkable  for  their  length  and 
mobility  in  the  Lophitu  piscaloriitt,  or  Angler;  aod  it  is  ^aid 
that  tbey  are  employed  by  the  fish,  while  lurking  in  ambusb,  as 
a  decoy  to  other  fishes,  which  they  entice  by  their  resemblance  U> 

i  Quotni  by  Blumenbach. 
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raoHon,  and  whose  t^ls  also  are  prehensile, 
we  must,  for  the  same  reaaoa,  presume  that  the 
sense  of  touch  exists  in  a  more  considerable 
d^^ee  than  in  other  saurian  reptiles,  which  do 
not  possess  this  advantage.  Th^  toes  of  Birds 
are  also  well  calculated  to  p^<via  the  office  of 
•rgane  of  touch,  from  the  Dumber  of  their  artir 
culations  and  their  divei^eat  position,  and  from 
the  p^illie  with  which  their  akin  abounds,  ac- 
companied as  they  are  with  a  large  supply  of 
nerres.  Those  birds,  which,  like  the  Parrot, 
employ  the  iieet  as  organ»  of  preb^nsion ,  probably 
enjoy  a  greater  derelopement  of  this  sense.  The 
akin  which  covers  the  bills  of  aquatic  birds  is 
supplied  by  T«:y  large  nerves,  and  consequently 
possesses  great  sensibility.  This  structure  enables 
them  to  find  their  food,  which  is  concealed  in  the 
mud,  by  the  exercise  of  the^  sense  of  touch 
raaidii^  in  that  organ.  A  similar  structure, 
pcobably  servi:^  a  similar  purpose,  ia  found  in 
the  Ornithorhyncus. 

Among  Mammalia,  we  find  the  seat  of  this 
eense  frequently  tratufenred  to  the  lips,  and  ex- 
tremity of  the  nostrils,  and  many  have  the  nose 
prolcoig^  and  fiezible,  apparently  with  this 
view.  This  is  the  case  with  the  Shrew  and  the 
Mole,  which  are  burrowing  aaimals,  and  still 
more  remarkably  with  the  Pachydennata,  where 
this  greater  sensibility  of  the  parts  about  the 
face  seems  to  have  been  bestowed  as  some  com^ 
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pensation  for  the  general  obtoseneH  of  fe^n^ 
resulting  from  the  thtcknees  of  the  hide  wfaidic 
covers  the  rest  of  the  body.  Hiub  the  Bhli 
noceros  has  a  soft,  hook-shaped  extenawn  «£ 
the  upper  lip,  which  is  always  kept  moist, 
in  order  to  preserre  its  sensibility  as  an  organ 
of  touch.  The  Hog  has  the  end  of  the  nose 
also  constructed  for  feeling ;  though  it  is  not  so 
well  calculated  for  distinguishing  the  form  of 
otgects,  as  where  the  organ  is  prolonged  in  the 
form  of  a  snoot,  which  it  is  in  the  T^ir,  and  in 
a  still  higher  degree  in  the  admiraMy  conBtructed 
proboscis  of  the  Elephant,  which  as  an  orgv^ 
both  of  prdbension  and  of  tooch,  forms  the 
nearest  approach  to  the  perfect  structure  of  the 
human  hand- 

The  Lion,  Tiger,  Cat,  and  other  animals  of  tfa» 
genus  F«li$,  have  whiskers,  endowed  at  their 
roots  with  a  particular  sensibility,  fnxn  beiag 
largely  sup[^ied  with  nerves.  The  same  is  the 
case  with  the  whiskers  of  the  Seal. 

The  [flehemule  tails  of  the  American  monk^yiL 
are  doubtless  fitted  to  convey  accurate  perc^^ 
tioDB  of  touch,  as  well  as  the  feet  and  faand^f, 
as  may  be  inferred  from  the  great  size  of  t)|fr, 
nervous  papillee,  and  the  thinness  of  the  cuticle 
of  those  parts. 

The  sense  of  touch  attains  its  greatest  degreJ^ 
of  excellence  in  the  human  hand,  in  which  it  if, 
associated  with  the  most  perfect  of  all  instni*- 
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I  of  [MrelieiuuQii.  But  ae  the  structure  and 
fimctaooe  of  this  organ  are  the  excluuve  subjects 
ef  anothw  i^  these  treatises,  I  shall  refrain  from 
Miy&rther  remarks  respecting  them. 


Chapter  III. 


fvtK  senses  of  taste  and  smell  are  intended  to 
convey  impressions  resulting  from  the  chemical 
qoalities  of  bodies,  the  one  in  the  fluid,  the  other 
in  the  gaseous  state.*  There  is  a  considerable 
aiml(^  between  the  sensations  derived  from 
flieee  two  senses.  The  organ  of  taste  is  the 
surface  of  the  tongue,  the  skin  of  which  is  Air- 
uished  with  a  large  proportion  of  blood-vessels 
and  nerves.  The  vascular  plexus  immediatdy 
covering  the  corium  is  here  very  viuble,  and 
foims  a  distinct  layer,  through  which  a  great 
number  of  papillae  pass,  and  project  from  the 
surface,  covered  with  a  thin  cuticle,  like  the  pile 

*  Bellini  contended  that  the  difierent  flaTora  of  Mline  bodies 
Here  owing  to  the  peculiai  figures  of  ^eir  crystalline  partiolea. 
It  is  strange  that  Dumas  should  have  thought  it  worth  while 
•erioaily  to  oomhat  this  extrangant  hjpothesii,  by  a  IiUNMired 
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of  vdvet.  In  the  fore  part  of  the  human  tongue 
these  papiUffl  are  visible  even  to  the  ne^ed  eye, 
and  ^pectaUy  in  certain  morbid  conditioas  of 
the  organ.?  They  are  of  differoit  kinds;  bvt 
it  is  only  those  which  are  of  a  conical  shape 
that  are  the  seat  of  taste.  If  these  papiUie  be 
touched  with  a  fluid,  which  has  a  strong  taste, 
such  as  vinegar,  applied  by  means  of  a  camel* 
hair  pencil,  they  will  be  seen  to  become  elon- 
gated by  the  actioa  of  the  stimulus,  an  effect 
which  probably  always  accompanies  the  percep- 
tion of  taste. 

The  primary  use  of  this  sense,  the  organ  'of 
which  is  placed  at  the  entrance  of  the  alimeor 
tary  canal,  is  evidently  to  guide  animals  in  the 
choice  of  their  food,  and  to  warn  them  of  the 
introduction  of  a  noxious  substance  into  the 
stomach.  With  respect  to  the  human  species, 
this  use  has  been,  in  the  present  state  of  society, 
superseded  by  many  acquired  tastes,  which  have 
supplanted  those  originally  given  to  us  by  na.- 
tnre :  but  in  the  inferior  animals  ft  still  retaioe 
its  primitive  office,  and  is  a  sense  of  great  im- 
portance to  the  safety  and  wel&re  of  the  indivif 

*  This  is  particularly  the  case  in  Karlatioa,  in  the  euly  stage 
jof  which  diaeaBe  they  are  elani^ted,  and  become  of  a  bright  red 
colour,  from  their  minute  blood-vesaelB  being  distended  with 
blood.  As  the  fever  subsides  the  pointa  of  the  papillte  collapse, 
and  acquire  a  brown  hue,  giving  rise  to  the  appearance  knowB 
by  the  name  of  the  strawberry  tongue. 
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dual,  fmm  its  operetitn  being  coincident  with 
Ihbse  of  natural  inBtinots.  If,  as  it  is  said,  these 
ios^cts  are  ^11  met  with  funong  men  in  a 
Barage  state,  th^  are  soon  weakened  or  effaced 
.by  civilization. 

The  tongue,  in  all  the  inferior  classes  of  ver- 
tebrated  animals,  namely  Fishes,  Reptiles,  and 
Birds,  is  scarcely  ever  constructed  with  a  view 
to  the  reception  of  delicate  impressions  of  taste ; 
being  generally  covered  with  a  thick,  and  often 
homy  cuticle ;  and  being,  besides,  scarcely  ever 
employed  in  mastication.  This  is  the  case,  also, 
with  a  large  proportion  of  quadrupeds,  which 
swallow  their  food  entire,  and  which  cannot, 
therefore,  be  supposed  to  have  the  sense  of  taste 
much  developed. 

Insects  which  are  provided  with  a  tongue  or 
a  proboscis  may  be  conceived  to  exercise  the 
sense  of  taste  by  means  of  these  organs.  But 
many  insects  possess,  besides  these,  a  pair  of 
short  feelers,  placed  behind  the  true  antenna; 
and  it  has  been  observed  that,  while  the  insect 
is  taking  food,  these  oi^ans  are  in  incessant  mo> 
tioii,  and  are  continually  employed  in  touching 
and  examining  the  food,  before  it  is  introduced 
into  the  mouth :  hence,  some  entomologists  have 
concluded  that  they  are  organs  of  taste.  But  it 
must  be  obvious  that  in  this,  as  in  every  other 
instance  in  which  our  researches  extend  t? 
beings  of  such  minute  dimensions,  and  which 
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occupy  a  station,  in  the  order  of  sensHive  Ex- 
istence, BO  remote  irom  ouraelTes,  we  are  wander- 
ing into  r^ions  where  the  only  light  that  10 
Hffivded  u»  must  be  borrowed  from  vagae  and 
fanciftil  analogies,  or  created  by  tile  force  of  a 
Tivid  and  deceptive  imagination. 


Anihal  life  being  equally  dependent  upon  the 
salubrious  qualities  of  the  air  respired,  as  of 
the  food  received,  a  sense  has  been  provided 
for  discriminating  the  nature  of  the  former^ 
as  well  as  of  the  latter.  As  the  organs  of  taste 
are  i^aced  at  the  entrance  of  the  alimentary 
canal,  so  those  of  smell  usually  occupy  the  be- 
^ning  of  the  passages  for  respiration,  where 
a  distinct  nerve,  named  the  olfactory,  appro- 
priated to  this  office,  is  distributed. 

The  sense  of  smell  is  generally  of  greatel* 
Importance  to  the  lower  animals  than  that '  of 
taste;  and  the  sphere  of  its  perceptions  is  iti 
them  vastiy  more  extended  than  in  man.  ^e 
t^nts,    which  ^ve  rise  to  the  sensations  of 
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siAelL,  are  certain  ^iiyia,  or  particles  of  eX' 
tseme  tenuity,  which  are  disseminated  very 
quickly  through  a  great  extent  of  atmosj^eric 
lur.  It  is'  exceedingly  difficult  to  conceiTe  how 
aif^tter  so  extremely  rare  and  subtle  as  that 
which  ciMnposes  these  odorous  effluvia  can  re- 
tain the  power  of  producing  any  sensible  im- 
pression on  the  animal  organs :  for  its  tenuity  is 
so  extraordinary  as  to  exceed  all  human  com- 
prehenuon.  The  tnoet  copious  exhalations  froni 
a  variety  of  odoriferous  substances,  such  as  musk, 
valerian,  or  assafcetida,  will  be  continually 
emanating  for  years,  without  any  perceptible  loss 
of  weight  in  the  body  which  supplies  them.  It 
is  well  known  that  if  a  small  quantity  of  musk 
be  enclosed  for  a  few  hours  in  a  gold  box,  and 
^en  taken  out,  and  the  box  cleaned  as  carefully 
a?,  possible  with  soap  and  water,  that  box  will 
retain  the  odour  of  musk  for  many  years;  and 
yet  the  nicest  balance  will  not  show  the  snoallest 
incre^ise  of  its  waght  from  this  im{H>egnatiou. 
No  facts  in  natural  philosophy  afiord  more 
striking  illustrations  of  the  astonishijag,  and 
indeed  inconceivable  divisibility  of  matter,  than 
t)i!t>8e  relating  to  odorous  effluvia. 
,  It.  would  appear  that  most  animal  and  v^;e- 
l^le  bodies  are  continually  emittiDg  these  subtle 
e^i^ia,  of  which  our  own  organs  are  not  suffi- 
^jptly,  delict  to  appri^,  us,  unless  when  they 
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are  mncfa  concentrated,  but  w&icfa  ar&  reailHly 
perceived  and  distin^ished  by  the  lower  ani- 
mals ;  as  may  be  inferred  from  thor  actions.  A 
dc^  is  known  to  follow  its  mastra-  by  the  scent 
alone,  tfanm^  the  avenuea  and  turnings  «f  a 
crowded  city,  accurately  distingui^ing  his  track 
amidst  thousands  of  others. 

The  utility  of  the  sense  <tf  nuell  is  not  con- 
fined to  that  of  being  a  check  upaa  the  respira- 
tion of  noxious  gases ;  for  it  is  also  a  powerfiii 
auxiUary  to  the  sense  of  taste,  which  of  itself, 
and  without  the  aid  of  smell,  would  be  rery* 
vague  in  its  indications  and  limited  in  its  range. 
What  may  have  been  its  extent  and  -delicacy  in 
man,  while  he  existed  in  a  savage  state,  wehave 
scarcely  any  means  of  determining  ;  but  in  the 
present  artificial  coodrtion  of  the  race,  resulting 
from  civilization  and  the  habitual  cultivation  of 
other  sources  of  knowledge,  there  is  less  neces- 
aty  for  attending  to  its  perceptions,  and  our  sen- 
sibility to  odours  may  perhaps  have  diminished- 
in  the  same  proportion.  It  is  asserted  both 
by  Soemmarring  and  BlumenbHch  that  the  organ 
of  smelt  is  smidter  in  Europeans,  and  other  civi- 
lized races  of  mi^kind,  than  in  those  nations  (^ 
Africa  or  America,  which  are  but  little  removed 
from  a  sav%e  state :  it  is  certainly  much  less* 
developed  in  man  than  in  most  quadrupeds.  To* 
the  carnivorous  tribes,  especially,   it  is  highly' 
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useful  in  ebabUng  them  to  discover  their  natural 
food  at  great  distances. 

The  cavity  of  the  nostrils,  in  all  terrestrial 
vertebrated  animals  is  divided  into  two  by  a 
vertical  partition ;  and  the  whole  of  its  internal 
aarface  is  lined  by  a  soft  membrane,  called  the 
Schneiderian  membrane,*  which  is  constantly 
kept  moist,  is  supplied  with  numerous  blood- 
vessels, and  upon  which  are  ^read  the  ultimate 
ramifications  of  the  ollactory  nerves.  The  rela- 
tive magnitude  of  these  nerves  is  much  greater 
in  camivwous  quadrupeds  than  in  those  which 
subsist  on  vegetable  food.  In  quadrupeds,  as 
well  as  in  man,  these  n^res  are  not  collected 
into  a  single  trunk  in  their  course  towards  the 
brain,.  b«t  compose  a  great  number  of  filaments^ 
which  pass  separately  through  minute  perfont' 
tkms  in  a  plate  o£  bone,  (called  the  ethmoid  bo»e) 
b^ore  they  enter  into  the  cavity  of  the  skuU, 
and  join  that  part  of  the  cerebral  substance  with; 
which  they  are  ultimately  connected. 
-  The  surface  of  the  membrane  which  rec^ves 
the  impressions  from  odorous  effluvia,  is  con- 
siderably increased  by  several  thin  plates  of 
bone,  which  project  into  the  cavity  of  the  nos- 
trils, and  are  called  the  turbinated  bones.  These 
ave  delineated  at  t,  t,  in  Fig.  382,  as  they  appear 

*  It  has  been  so  named  ia  honour  of  Schneider,  the  fint  ana- 
tofoist  who  gave  an  accurate  descriptioD  of  this  membnne. 
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in  a  Tfiitical  and  longitudinal  secUoD  of  t^ 
cavity  of  the  human  noetril,  where  tbey  are  men 


covered  by  the  Schneiderian  membrane.*  A 
transverse  and  vertical  section  of  these  parts  a 
given  in  Fig.  SSd.f  The  turbinated  bones  are 
curiously  folded,  and  often  convoluted  in  a  spiral 
form,  with  the  evident  design  of  obtaining  as 

*  Thia  Ggiin  show*  the  branches  of  the  olfactory  nerve  (o), 
passing  througih  the  thin  cribriform  plate  of  the  ethmoid  bone, 
and  dirtribnted  orer  diat  membrane.  SeToml  of  the  oeB^ 
which  open  into  the  carity,  are  also  seen;  luch  u  the  large 
sphenoidal  unus  (s),  the  frontal  sinus  (p),  and  one  of  tbe  edt- 
moidal  cells  (c).  w,  is  the  nasal  bone ;  r,  the  palate :  and  e, 
the  mouth  of  the  Enstachian  tube,  which  leads  to  the  ear. 

t  In  this  figure,  s,  is  the  aeptum,  or  putitioD  of  the  aoatiito, 
on  each  side  of  which  are  seen  the  sections  of  the  turbinaLed 
bones  projecting  into  the  cavity  ;  the  ethmoid  celts  (c),  situated 
between  the  orbits  (o) ;  and  the  Antrum  maxillare  (a),  which 
is  another  large  cavity  CDumunicating  with  the  nostrils. 
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gfeat  an  extent  of  surface  as  poesible  within 
the  confined  space  of  the  nasal  cavity.    This 


turbinated,  or  spiral  shape,  ehiefiy  characterises 
these  bones  among  herbivorous  quadrupeds: 
in  the  horse,  for  example,  the  turbinated 
bones  are  of  a  large  diameter,  and  extend  the 
whole  length  of  the  prolonged  nostrils.  Their 
structure  is  exceedingly  intricate ;  for  while 
they  retain  externally  the  general  shape  of  an 
cfMong  spiral  shell,  they  are  pierced  on  all 
their  internal  sides  with  numerous  perforations, 
through  which  the  membrane,  together  with  the 
fine  branches  of  the  nerves,  passes  finely  from 
one  side  to  the  other.  The  cavities  resulting 
from  the  convolutions  are"  intersected  by  un-, 
perforated  partitions  of  extraordinary  tenuity, 
serving  both  to  support  the  arches  of  bone,  and 

VOL.  II.  D  D 
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to  fiirnish  a  atUl  greater  surface  for  the  extension 
of  the  ol&ctory  membrane.  In  the  Sheep,  the 
Croat,  and  the  Deer,  the  structure  is  very  similar 
to  that  jnst  described  ;  but  the  conviJutions  are 
double,  with  an  intermediate  partition,  so  as  to 
resemble  in  its  transverse  section  the  ci^tal  of 
an  Ionic  column.*  They  are  shown  at  (t)  in  the 
truisTerse  section  of  the  nostrils  ot  a  sheep  in 
Fig.  384. 


In  carnivorous  quadrupeds  the  structure  of 
these  bones  is  still  more  intricate,  and  is  c^ 
culated  to  afford  a  far  more  extensive  sttr&oo 

*  Id  a  species  of  Antelope  described  by  Mr.  Hodgson,  caTitiM 
exist,  situated  immediately  behind  the  ordinary  nostrils,  and 
qonununicatinE  with  them.  These  accessory  nostrils  are  coiijec- 
twed  to  be  useful  to  this  exceediogly  fleet  animal  by  fadtit^qp 
its  breathing,  while  it  is  eaerting  its  utmost  speed;  for  Uw 
expansion  of  the  nostrils  opens  alio  these  posterior  cavities,  the 
sides  of  which,  being  elastic,  remain  dilated.  Journal  of  tfas 
Asiatic  Society,  Feb.  1833,  p.  69. 
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for  the  ^stribution  of  the  olfeetory  ftmre,  hi 
tbe  Seal  th»  eoBfofiBatidti  to  most  &Ity  de*; 
Tok^ed,  aad  tbe  bony  |>lste»  are  Wre  not  tm- 
blnwted,  but  f&nnfied,  a»  ritowH  at  -v  hi  Fig'.  986, 
Eig^t^tt*  i&««  {nrindped  brusebes  anift  ftom  Ae 
main  trank ;  and  each  of  tbese  i»  afto-miRb 
Ariddd  and  sabdiTidtdi  to  ao  ex.tE«nie  decree  of 
iMoaCeDeae,  so  as  fo  fitrm  »  all  naay  himdreA 
I^tM.  Tbe  (rf&ctorf  nwmfarane^  wilb  all  Ma 
nerves,  i»  clowly  applied  to  every  plate  in  tUs 
vast  assemblage,  as  well  as  t^  the  vaain  traak, 
and  to  the  iBtemtd  stuface  of  the  samuadnig 
cavity :  so  tftat  its  extent  canaot  be  itm  than 
,  ISO  square  inches  is  eack  atmtA  An  orgoB  of 
such  exquisite  sensibility  requites-  aa  extcaor- 
dwary  provision  fer  sccimng  it  i^ainst  injury, 
by  the  power  of  voluntaiUy  «ce^du^  Booions 
vupaun ;  and  nataie  baa  supplied  a  mecfaaMnn 
for  thb  express  purpose,  enabling  tbe  anmaal  to 
elose  at  plcaaaro  the  orffice  of  the  Mistnl.  The 
bof^r  vhidk,  BD  its  natural  statei,  stcbsiste  w&ally 
ea  vcgelatile  ibod,  reaemblea.  berbevorouB  tribes 
in  tlw  extcrwJ  Ibm  and  r^tive  magutvdc 
of  the  tuKbinated  faoHee;  but  they  are  tamt 
simple  in  tbcir  stracture,  being  formed  of  single, 
and  slightly  ccaivohited  |ilatesr  vithoul  partiticos 
or  petforatioiis.  In,  this  raspcct  they  ap^mnch 
to  the  bmnan  structure,  which  is  even  less  ccmr 
pficated,  and  indicates  a  gnater  affinity  with 
Tsgetable  than  with  anknal  feedtars.    Man^  in* 
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deed,  distinguishes  more  accurately  v^etable 
odours  than  those  proceeding  from  animal  sub- 
stances ;  while  the  reverse  is  observed  with  re- 
gard to  quadrupeds  whose  habits  are  decidedly 
carnivorous.'  A  d<^,  for  instance,  is  regardless  of 
the  odour  of  a  rose  or  violet ;  and  probably,  sa 
he  derives  from  them  no  pleasure,  is  unable  to 
discriminate  the  one  from  the  other.  Preda- 
cious animals,  as  Sir  B.  Harwood  observes, 
require  both  larger  olfactory  nerves,  and  a  more 
extensive  sur&ce  for  their  distribution,  than  the 
vegetable  eaters.  The  food  of  the  latter  is  ge- 
nerally near  at  band ;  and  as  they  have  occasion 
only  to  select  the  wholesome  from  the  noxious  , 
plants,  their  olfactory  oi^ans  are  constructed  for 
the  purpose  of  arresting  the  effluvia  of  odorous 
substances  immediately  as  they  arise.  The  former 
are  ofren  under  the  necessity  of  discovering  the 
lui^ng  places  of  their  prey  at  a  considerable 
distance,  and  are  therefore  more  sensible  to  the 
weak  impressions  of  particles '  widely  diSused 
through  the  surroundii^  medium,  or  slightly  ad- 
hering to  those  bodies,  with  which  the  object  oi 
their  pursuit  may  have  come  into  contact. 

The  olfactory  bones  of  birds  are  constructed 
very  much  on  the  model  of  the  spiral  bones  of 
herbivorous  quadrupeds,  and  vary  but  little  in 
the  different  species.  Fig.  386  exhibits  their 
appearance  in  the  Turicey :  but  the  size  of  the 
olfactory  nerves  of  birds  of  prey  greatly  exceeds 
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that  of  the  same  nerves  in  granivorous  birds. 
In  the  latter,  indeed,  they  are  exceedingly  small ; 
and  as  the  natural  food  of  that  tribe  hits  but  little 
odour,  we  find  that  they  are  easily  deceived  by 


any  thing  which  bears  a  resemblance  to  it.  Sir 
Busick  Harwood  relates  that  some  poultry,  which 
were  usually  fed  with  a  mixture  of  barley  meal 
and  water,  were  found  to  have  swallowed,  1^ 
mistake,  nearly  the  whole  contents  of  a  pot  of 
white  paint.  Two  of  the  fowls  died,  and  two 
others  became  paralytic.  The  crops  of  the 
latter  were  opened,  and  considerably  more  than 
a  pound  of  the  poisonous  composition  taken  from 
each ;  and  the  crops,  either  naturally,  or  from 
the  sedative  effects  of  the  paint,  appeared  to 
have  so  little  sensibility  that,  after  the  wounds 
were  sewed  up,  both  the  fowls  eventually  reco- 
vered. 

llie  olfactory  nerves  are  conspicuous  in  the 
Buck,  both  from  their  size  and  mode  of  distribu- 


t:  Go  ogle 


406  THE  SENSOBIAL  FUNCTIONS. 

tMM.    They  we  flem  k  F%.  307,  ptaeiBg  cat 
;  the  orb'A  of  the  eye  (o)  in  tro  large 


branches,  an  upper  one  (v),  and  a  lower  one  (l), 
the  ramifications  of  which  are  spread  over  the 
mandibles,  both  within  and  without.  For  the 
protection  of  the  highly  senflible  extremity  of 
the  beak  against  the  injurious  tmprrasiona  of 
hard  bodies,  a  homy  process  (p),  umilar,  both  in 
form  and  office,  to  the  human  nail,  is  attoched  to 
it,  and  its  edges  guarded  by  a  narrow  border  of 
tiie  same  homy  material ;  these  receive  a  first, 
and  fainter  impression,  and  admonish  the  animal 
of  approaching  danger ;  if  none  occur,  the  mat- 
ter is  then  submitted  to  the  immediate  scrutiny 
of  the  nerves  themselves,  and  is  swallowed  or 
rej^ted  according  to  their  indication.* 

It  has  bisen  generally  asserted  that  Vultures, 
and  other  birds  of  prey,  are  gifted  with  a  highly 
acute  sensf  of  ^netl ;  and  thftt  they  can  discover 
by  meaqs  of  it  die  carcass  of  a  dead  animal  at 
great  distances :  but  it  appears  to  be  now  suffi- 

*  S«ch  is  As  ftcoeuBt  given  fey  Sir  Bnijsk  HMmod,  to  Us 
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oiattiy  establiahed  by  the  obaenratioas  and  ex- 
periments of  Mr.  Audubon,  that  these  birds  in 
reality  posaess  the  sense  of  smell  in  a  degree 
veiy  inferior  to  camiTonras  quadrupeds ;  and 
that  so  far  from  guiding  them  to  their  prey  from 
a  distance,  it  affords  them  no  indication  of  its 
presence,  even  when  close  at  hand.  The  follow- 
ing experiments  appear  to  be  perfectly  con- 
-  elusive  on  this  subject.  Having  procured  the 
skin  of  a  deer,  Mr.  Audubon  stuffed  it  iiiU  of 
hay ;  and  afler  the  whole  had  become  perfectly 
dry  and  hard,  he  placed  it  in  the  middle  of  an 
open  field,  laying  it  down  on  its  back,  in  the 
ftttitnde  of  a  dead  animal.  In  the  course  of  a 
few  minutes  aiterwards,  he  observed  a  vulture 
flying  towards  it,  and  alighting  near  it.  Quite  uu- 
Buspicious  of  the  deception,  the  bird  immediately 
proceeded  to  attack  it,  as  usual,  in  the  most  tu1> 
nerable  points.  Failing  in  his  object,  he  next, 
with  much  exertion,  tore  open  the  seams  of  the 
skin,  where  it  had  been  stitched  together,  and 
appeared  earnestly  intent  cot  gating  at  the  flesh, 
which  he  expected  to  find  within,  and  of  the 
absence  of  which,  not  one  of  bis  senses  was  able 
to  infiarm  him.  Finding  that  hid  efforts,  which 
were  long  reiterated,  led  to  no  other  result  than 
tlte  pulling  out  large  quantities  of  bay,  he  at 
length,  though  with  evident  rclnetanoe,  gave  up 
the  attempt,  and  took  fl%ht  in  pursuit  of  other 
game  to  which  he  was  led  by  flie  sight  alon«, 
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and  which  he  was  not  long  in  discovering  and 
securing. 

Another  experiment,  the  conreree  of  the  first, 
was.  next  tried.  A  large  dead  h<^wa8  concealed 
in  a  narrow  and  winding  ravine,  about  twenty 
feet  deeper  than  the  surface  of  the  earth  around 
it,  and  filled  with  briers  and  high  cane.  This 
was  done  in  the  month  of  July  in  a  tropical 
climate,  where  putrefaction  takes  place  with 
great  rapidity.  Yet,  although  many  vultures 
were  seen,  from  time  to  time,  sailing  in  all  di- 
rections over  the  spot  where  the  putrid  carcass 
was  lying,  covered  only  with  twigs  of  cane,  none 
ever  discovered  it ;  .  but  in  the  mean  while; 
several  dogs  had  found  their  way  to  it,  and  had 
devoured  lai^  quantities  of  the  flesh.  Inanotber 
set  of  experiments  it  was  found  that  young  vul- 
tures, enclosed  in  a  cage,  never  exhibited  any 
tokens  of  their  perceiving  food,  when  it  could 
not  be  seen  by  them,  however  near  to  them  it 
was  brought.* 

It  has  be^i  doubted  whether  fishes,  and  other 
aquatic  animals,  possess  the  sense  of  smell ;  in 
some  of  the  whale  tribe,  indeed,  neither  the  or- 
gan of  smell  nor  the  olfactory  nerves  are  found.f 
Some  physiol<^8ts  have  gone  the  length  of  de- 

•  Edinburgh  New  Journal  of  Science,  ii.  172.  The  accuracy 
of  these  results,  which  had  been  contested  hj  Hr.  Wateiton,  is 
fully  established  by  the  recent  observations  and  experiments  of 
Mr.  fiachman,  which  are  deUiled  in  Loudon's  Magazine  of  N«t. 
Hist,  vii,  167. 

t-  Home  1  Lectures  on  CompaiatiTe  Anatomy,  J.  17. 
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nying  the  capability  of  water  to  serve  as  the  ve- 
hicle of  odorous  effluvia.  But  as  water  is  known 
to  contain  a  large  quantity  of  air,  which  acts  upon 
the  organs  of  respiration,  it  is  easy  to  conceive 
that  it  may  also  convey  to  the  nostrils  the  pecu- 
liar agents  which  are  calculated  to  excite  percepr 
tions  of  smell.  Fishes  are,  in  fact,  observed  to  be 
attracted  from  great  distances  by  the  effluvia  of 
substances  thrown  into  the  water ;  and  they  are 
well  known  to  have  a  strong  predilection  for  alt 
h^hly  odoriferous  substances.  Baits  used  by 
anglers  are  rendered  more  attractive  by  being 
impregnated  with  volatile  oils,  or  other  sub- 
stances having  a  powerful  scent,  such  as  assa-- 
foetida,  camphor,  and  musk.  Mr.  T.  Bell*  has 
discovered  in  the  Crocodile  and  Alligator,  a  gland^ 
which  secretes  an  unctuous  matter,  of  a  strong 
musky  odour,  situated  beneath  the  lower  jaw, 
on  each  side.  The  external  orifice  of  this  gland 
is  a  small  slit,  a  little  within  the  lower  edge  of 
the  jaw;  and  the  sac,  or  cavity  containing  the 
odoriferous  substance,  is  surrounded  by  two 
delicate  bands  of  muscular  fibres,  apparently 
provided  for  the  purpose  of  firat  bringing  the 
gland  into  a  proper  position,  and  then,  by  com- 
pressing it,  discharging  its  contents.  Mr.  Bell 
conceives  that  the  use  of  this  secretion  is  to  act 
as  a  bait  for  attracting  fish  towards  the  sides  of 
the  mouth,  where  they  can  be  readily  seized  in 

'  PhU.  TraiK.  for  1827,  p.  132. 
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tha  mode  usual  to  the  alligator,  which  is  that  of 
snapping  sideways  at  the  objects  he  aims  at  de- 
vouring. 

The  organs  of  smell  in  Fishes  are  fdtnated  in 
cavities,  placed  one  on  each  side,  in  boat  of  the 
head:  they  are  merely  blind  sacs,  having  no 
communication  with  the  mouth  or  throat,  aijd 
indeed  no  other  outlet  but  the  external  openings, 
which  are  generally  two  to  each  sac.  The  prin- 
cipal entrance  is  fiirnished  with  a  valve,  formed 
by  a  moveable  membrane,  appearing  like  a  par- 
tition dividin'g  each  Doetril  into  two  cavities,  and 
serving  the  purpose  of  preventing  the  introdno- 
tion  of  any  foreign  body.  The  organ  itself  is 
situated  behind  this,  valve,  and  coasisto  either  of 
a  membrane,  curiously  plaited  into  numerous 
semicircular  folds,  or  of  tufted  or  arboreeoettt 
filaments.    Fig.  388  shows  this  cavity  (e),  with  its 


plaited  membrane  in  the  Perch ;  and  Fig.  S8S,  in 
the  Skate ;  the  laminee  in  the  former  being  radi- 
ated, and  in  the  latter,  foliated,  or  parallel  to 
each  other.     On  the  surface  of  these  organs. 
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irimterer  b«  their  flbape,  the  cA&cixxy  nerves 
(v),  aiisiDg  £roBi  the  anterior  lobes  (o)  of  the 
bcaiii,  are  distributed ;  and  the  great  size  of  these 
nerres  vould  lead  ub  to  infer  considerable  acute- 
nets  in  the  B&ue  which  they  supi^y.  .  When 
the  fish  is  Bwimmiog,  their  utuation  in  front  of 
&e  snout  exposes  them  to  the  forcible  impulse  of 
the  water,  vhicb  strikes  against  them.  Accord- 
ing to  GeoBSafy  St.  Hilaire,  the  water  enters  the 
canly  by  the  nppa  orifice,  and  escapes  by  the 
lower.  Scarpa  alleges  that  fishes  exercise  this 
sense  by  comprMsisg  the  water  against  the 
mraiibrane.  On  the  otiier  hand,  it  is  contended 
by  Dum^ril,  that  the  perceptions  ctnniounicated 
by  this  o^;an,  being  the  result  of  the  action  of  a 
liquid  instead  of  a  gas,  should  be  clawed  under 
the  head  of  taste  rather  than  of  amelL  This 
seems,  however,  to  be  a  mere  Terbal  criticism,  in 
making  which  it  ^pears  to  have  been  forgotten 
that  the  impressiwis  of  odorous  effluvia,  even 
in  animals  breathing  atmospheric  air,  always 
aet  upon  the  nerve  throi^h  the  intennedium  of 
the  fluid  which  lubricates  the  membrane  of  the 
wMril. 

That  the  nasal  cavities  of  fidies  are  rudimental 
farms  of  these  of  the  mammalia,  although  they 
do  not,  se  in  the  latter  clat»,  open  into  the  respi- 
ratwy  erg^s.  is  t^owin  by  the  curious  transform- 
ation of  the  one  into  the  other  during  the  de- 
velopem^t  of  the  tadpole,  both  of  the  frog  and 
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of  the  salamander.  During  the  first  periods  of 
their  existence,  these  animals  are  perfectly 
aquatic,  breathing  water  by  means  of  gills,  and 
having  all  their  organs  formed  on  the  model  of 
the  fish.  Their  nasal  cavities  are  not  employed 
for  respiration  at  this  early  period,  nor  even  for 
some  time  after  they  have  begun  to  take  in  air, 
which  they  do  by  the  mouth,  swallowing  it  in 
small  portions  at  a  time,  and  afterwards  throwing 
it  out  in  bubbles  by  the  same  channel.  But  when 
they  quit  the  water,  and  become  land  animals 
with  pulmonary  respiration,  the  nostrils  are  the 
channels  through  which  the  air  is  received  and 
expelled ;  and  it  is  here  also  that  the  sense  of 
smell  continues  to  be  exercised. 

We  know  very  little  respecting  the  seat  of  the 
sense  of  smell  in  any  of  the  invertebrated 
animals,  though  it  is  very  evident  that  insects, 
in  particular,  enjoy  this  faculty  in  a  very  high 
degree.  Analogy  would  surest  the  spiracles  as 
the  most  probable  seat  of  this  sense,  beii^  the 
entrances  to  the  respiratory  passages.  This 
office  has,  however,  been  assigned  by  many  to 
the  antennae ;  while  other  entomologists  have 
supposed  that  the  palpi  are  the  real  organs  of 
smell*.  Experiments  on  this  subject  are  at- 
tended with  great  difficulty,  and  their  results 
must    generally    be   vague    and    inconclusive. 

*  Oq  the  subject  of  thii  senw  in  insects,  See  Kirby  snd 
SpcDce's  Introduction  to  Entomology,  vol.  iv.  p.  249. 
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Those  which  Mr.  P.  Huber  made  on  bees  seem, 
however,  to  establish,  with  tolerable  certainty, 
that  the  spiracles  are  insensible  to  strong  odours, 
such  as  that  of  oil  of  turpentine,  which  is  ex- 
ceeding ofTensive  to  all  insects.  It  was  only 
when  a  fine  camel-hair  pencil  containing  this 
pungent  fluid  was  presented  near  the  cavity  of 
the  mouth,  above  the  insection  of  the  proboscis, 
that  any  visible  effect  was  produced  upon  the 
insect,  which  then  gave  decisive  indications  of 
strong  aversion.  Mr.  Kirby  has  discovered  in 
*  the  anterior  part  of  the  nose  of  the  Necrophorus 
vespillo,  or  burylng-beetle,  which  is  an  insect 
remarkable  for  the  acuteness  of  its  smell,  a  pair 
of  circular  pulpy  cushions,  covered  with  a  mem- 
brane, beautiiully  marked  with  fine  transverse 
ftirrows.  These  he  considers  as  the  organs  of 
smell ;  and  he  has  found  similar  structures  in 
several  other  insects.* 

No  distinct  organs  of  smell  have  been  disco- 
vered in  any  of  the  Mollusca;  but  as  there  is 
evidence  that  some  of  the  animals  belonging  to 
that  class  possess  this  sense,  it  has  been  con- 
jectured that  it  resides  either  in  the  whole 
mucous  surface  of  the  mantle,  or  in  the  respi- 
ratory oi^ans.  Swammerdam  observed,  long 
ago,  that  snails  are  evidently  afiected  by  odours ; 
and  cuttle-fish  are  said  to  show  a  decided 
aversion  to  strongly  scented  plants, 

"  Ibid.  vol.  iii,  481  ;   and  iv,  354. 
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HEABIMO. 

\  1 .  AcoHstic  Principla. 

The  knowledge  acquired  by  animals  erf  the  pre^ 
sence  and  moTemento  of  distant  objeets  is  de- 
rived almost  wholly  from  the  senses  ol  hearing 
and  o(  sight ;  and  the  apparatus,  necessaiy  for 
the  exercise  d  these  senses,  being  more  da- 
bwate  and  refined  than  any  of  the  oiguw  we 
hare  yet  examined,  exfail»t  still  more  irre- 
fragable evidence  of  those  proAmnd  designs^  a»d 
that  infinite  inteUigence,  which  have  gnided  ttie 
construction  of  every  part  of  the  animal  frame. 

Sonnd  results  from  certain  tremulous  or  vi- 
bratory motions  of  the  particles  of  an  elastic 
mediiun,  such  as  air  or  water,  excited  by  any 
sudden  impulse  or  concusnon  given  te  those 
particles  by  the  movements  of  the  sounding 
body.  These  soncu-ovs  vibrati(»s  we  trans- 
mitted with  great  velocity  through  these  fluids, 
till  they  strike  upon  the  external  tmr ;  ami,  then, 
after  being  concentrated  in  the  inteisaJ  passages 
of  the  organ,  they  are  made  to  act  on  the  fila- 
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ments  of  a  particular  nearve  called  the  acotutic, 
or  auditory  nerve,  of  vbich  the  fltmctore  U 
adapted  to  receive  these  peculiar  impreesions, 
and  to  communicate  them  to  the  bnun.  There 
they  produce  changes,  which  are  immediately 
followed  by  the  Beneation  oi  sound.  Sound 
cannot  traverse  a  void  space,  as  light  does ;  but 
alwa3ra  requires  a  ponderable  material  vehicle 
for  its  transmiaaion ;  and,  accordingly,  a  bell 
suspended  in  the  vacuum  of  an  air-pump,  gives, 
when  struck,  no  audible  sound,  althou^  its 
parts  are  visibly  thrown  into  the  usual  vibratory 
motions.  In  proportion  as  air  is  admitted  into 
the  receiver,  the  sound  becomes  more  and  more 
distinct ;  and  if,  on  the  other  band,  the  air  be 
condensed,  the  sound  is  louder  than  when  the 
"bdl  is  surrounded  by  air  of  the  ordinary  den< 
■ity.* 

The  impnlses  given  by  the  sounding  body  to 
the  conti^oua  particles  of  the  elastic  medium, 
are  propagated  in  eveiy  direction,  firom  particle 
to  particle,  each  in  its  turn  striking  against  the 
next,  and  communicating  to  it  the  whole  of 
its  own  motion,  which  is  destroyed  by  the  re-^ 
action  of  the  particle  against  which  it  strikes. 
Hence,  after  moving  a  certain  definite  distance, 
a  distance,  indeed,  which  is  incalculably  small, 

*  IltMe  fact!  were  tint  aacertained  by  Dr.  Haulubee.  See 
niHssopliical  IVauaetioni  for  1705,  vol.  xxir,  p.  1902, 
1904. 
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each  particle  returns  back  to  its  former  situation, 
fuid  is  again  ready  to  receive  a  second  impulse. 
Kach  particle,  being  elastic  within  a  certain 
range*,  suffers  a  momentary  compression,  and 
immediately  afterwards  resumes  its  fonner 
shape :  the  next  particle  is,  in  the  mean  time, 
impelled,  and  undergoes  the  same  succeaaon  of 
changes ;  and  so  on  throughout  the  whole  series 
^f  particles.  Thus  the  sonorous  undulations 
have  an  analogy  with  waves,  which  spread  in 
circles  on  the  surface  of  water,  around  any  body, 
which  by  its  motion  rufiBes  that  surface;  only 
that  instead  of  merely  extending  in  a  horizontal 
plane,  as  waves  do,  the  sonorous  undulations 
spread  out  in  all  directions,  forming,  not  circles 
in  one  plane,  but  spherical  shells ;  and,  whatever 
be  the  intensity  of  the  sounds,  the  velocity  with 
which  the  undulations  advance  is  unifonn,  as 
long  as  they  continue  in  a  medium  of  uniform 
density.  This  velocity  in  air  is,  on  an  average, 
about  1 100  feet  in  a  second,  or  twelve  and  a  half 
miles  in  a  minute:  it  is  greater  in  dense,  and 
smaller  in  rarefied  air;  being,  in  the  same 
medium,  exactly  proportional  to  the  elasticity  of 
that  medium. 

*  Tte  particle*  of  water  are  ai  elastic,  within  a  limited  dis- 
tance, as  those  of  the  most  solid  body,  although,  in  coiuequence 
of  their  imperfect  cohesion,  or  rather  their  perfect  mobility  in  all 
directions,  this  property  cannot  he  so  easily  recc^ised  in  mane* 
of  fluid*,  as  it  can  in  solids. 
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Water  is  the  medium  of  sound  to  aquatic 
animals,  as  the  air  is  to  tenrestrial  animals. 
Sounds  are,  indeed,  conveyed  more  quickly,  and 
to  greater  distances,  in  water  than  in  air,  on  ac- 
count of  the  greater  elasticity  of  the  constituent 
particles  of  water,  within  the  minute  distance 
required  for  their  action  in  propagating  sound. 
Stones,  struck  together  under  water,  are  heard 
at  great  distances  by  a  person  whose  head  is 
under  water.  Franklin  found  by  experiment 
that  sound,  after  travelling  above  a  mile  through 
water,  loses  but  little  of  its  intensity.  According 
to  Chladni,  the  velocity  of  sound  in  water  is 
about  4900  feet  in  a  second,  or  between  four  and 
five  times  as  great  as  it  is  in  air. 

Solid  bodies,  especially  such  as  are  hard  and 
elastic,  and  of  uniform  substance,  are  also  ex- 
cellent conductors  of  sound.  Of  this  we  may 
easily  convince  ourselves  by  applying  the  ear 
to  the  end  of  a  log  of  wood,  or  a  long  iron  rod« 
in  which  situation  we  shall  heM  very  distinctly 
the  smallest  scratch  made  with  a  pin  at  the 
other  end ;  a  sound,  which,  had  it  passed 
through  the  air  only,  would  not  have  been  heard 
at  all.  In  like  manner,  a  poker  suspended  by 
two  strings,  the  ends  of  which  are  applied  to  the 
two  ears,  communicates  to  the  organ,  when  struck, 
vibrations  which  would  never  have  been  heard 
under  ordinary  circumstances.  It  is  said  that 
the  hunteis  in  North  America,  when  desirous  of 
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heariBg  the  souihIs  of  distant  ibotBtepa,  which 
would  be  quite  inaudible  in  any  other  vay ,  apply^ 
their  ears  cloee  to  the  earth,  and  then  readily, 
diatinguish  them.  Ice  is  known  to  convey 
sounds,  even  better  than  water :  for  if  cannon 
be  fired  from  a  distant  fort,  where  a  frozen  river 
intervenes,  each  flash  of  light  is  followed  by  two 
distinct  reports,  the  first  being  conveyed  by  the 
ice,  and  the  second  by  the  air.  In  like  manner^ 
if  the  upper  part  of  the  wall  of  a  high  building 
be  struck  with  a  hammer,  a  person  standing  close 
to  it  on  the  ground,  will  hear  two  sounds  atbet 
each  blow,  the  first  descending  through  the  wall, 
and  the  second  through  the  air. 

As  sounds  are  weakened  by  diffusion  over  a 
larger  sphere  of  particles,  so  they  are  capable  of 
having  their  intensity  increased  by  concentra- 
tion into  a  smaller  space  ;  an  effect  which  may 
be  produced  by  their  being  reflected  fivm  the 
solid  walls  of  cavities,  shaped  so  as  to  bring  the 
undulations  to  unite  into  a  focus ;  it  is  on  thu 
principle  that  the  ear-trumpet,  for  assisting  per- 
s<»i8  dull  of  hearing,  is  constructed:  and  the 
same  effect  sometimes  takes  place  in  echoes, 
which  occasionally  reflect  a  sound  of  gveatCf 
loudness  than  the  original  sound  which  was 
directed  towards  them. 

If  the  impulse  given  to  the  nerves  of  the  ear 
be  repeated  at  equal  intervals  of  time,  provided 
these  intervals  be  very  small,  the  impressions 
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become  so  blended  heather  as  not  to  be  dia- 
tingviBhable  from  one  another,  and  the  sensation 
of  a  uniform  continued  sound,  or  nuisical  jiote, 
is  excited  in  the  mind.  If  the  intarvals  between 
the  vibrations  be  long,  the  note  is  grave ;  if  short, 
that  is,  if  the  number  of  ribrations  in  a  given 
time  be  great,  the  note  is,  in  the  same  proportion, 
acute.  The  former  is  called  a  Zow,  the  latter  a 
high  note ;  designations  which  in  all  probability 
were  or^inally  derived  from  the  visible  motions 
of  the  throat  of  a  person  who  is  singing  Uiese 
different  notes;  for,  independently  of  this  cir- 
cumstance, the  terms  of  high  and  low  are  quite 
arbitrary ;  and  it  is  well  known  that  they  were 
applied  by  the  ancients  in  a  sense  exactly  the 
reverse  of  that  in  which  we  now  use  them. 

The  different  degrees  of  traision  giveai  to  the 
cord  or  wire  of  a  stringed  musical  instrumenti 
as  well  as  its  different  lengthy  determine  the 
frequency  of  its  vibrations ;  a  greater  tenuon,  or 
a  shorter  length,  rendering  them  more  frequent, 
and  consequently  producing  a  higher  note;  and 
on  the  contrary,  the  note  is  rendered  more  grave 
by  either  lessening  the  tension,  or  lengthening 
the  cord  or  wire.  In  a  wind  instrument,  the 
tcme  depends  alt(^ether  upon  the  length  of  the 
tube  producing  the  sound. 

There  are,  therefore,  two  qualities  in  soand 
recognisable  by  the  ear,  namdyr  loudness,  or 
intemityt  and  quality,  or  tone;  the  fonuer  de- 
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pending  on  the  f<H%e  of  the  vibratione;  the 
latter,  on  their  frequency.  These  acoustic' prin- 
ciples are  to  be  borne  In  mind  in  studying  the 
comparatiTe  physiology  of  hearing;  and  since 
the  functions  of  the  different  parts  of  the  organ 
of  this  sense  are,  as  yet,  but  imperfectly  unds* 
atood*  I  shall,  in  treating  of  this  subject,  deviate 
from  the  plan  I  have  hitherto  followed,  and  pre- 
mise an  account  of  the  structure  of  the  ear  in  its 
most  perfectly  developed  state,  which  it  appears 
to  be  in  Man. 


§  2.  Physiology  of  Hearing  in  Man. 

That  part  of  the  organ  of  bearing,  which,  above 
all  others,  is  essential  to  the  performance  of  this 
function,  is  the  acoustic  nerve,  of  which  the 
fibres  are  expanded,  and  spread  over  the  surface 
of  a  fine  membrane,  placed  in  a  situation 
adapted  to  receive  the  fiill  impression  of  the 
aoDorous  undulations  which  are  conveyed  to 
them.  This  membrane,  then,  with  its  nervons 
filaments,  may  be  r^arded  as  the  immediate 
organ  of  the  sense ;  all  the  other  parts  being 
merely  accessory  t^paratus,  deigned  to  collect 
and  to  condense  the  vibrations  of  the  surround- 
ing medium,  and  to  direct  their  concentrated 
action  on  the  auditory  membrane. 
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■  I  hare  endeavoured,  in  Fig.  390,  to  exhibit^ 
in  one  view,  th«  principal  parts  of  this  compU' 
cated  organ,  as  they  exist  in  man,  in  their  rela- 
tive situations,  and  of  their  natural  size :  thereby 
affording  a  scale  by  which  the  real  dimensions 
of  those  portions,  which  I  shall  aiierweu^  have 
occasion  to  explain  by  magnified  representations, 
may  be  properly  appreciated.* 


The  Concha,  or  external  ear  (c),  is  formed  of 
an  elastic  plate  of  cartilage,  covered  by  inte- 
gument, and  presenting  various  elevations  and 
depressions,  which  form  a  series  of  parabcdic 
curves,  apparently  for  the  purpose  of  collecting 
the  sonorous  undulations  of  the  air,  and  of  di- 


*  Id  this  and  all  the  following  figures,  the  parts  of  the  r^ht 
r  are  shown,  and,  similar  parts  are  always  indicated  by  the 
ne  letters. 
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rectiiig  them  into  a  fonnel-sfaaped  canal  (m), 
termed  the  meatus  auditorita,  which  leada  to  the 
internal  ear.  This  canal  is  composed  partly  of 
cartilage  and  partly  of  hone ;  and  the  int^^- 
ment  lining  it  is  fiimidied  with  numerous  small 
glands,  which  supply  a  thick  oily  fluid,  c^  an 
acrid  quality,  apparently  designed  to  prereut  the 
intrusion  of  insects :  the  pawage  is  also  guarded 
by  hairs,  which  appear  intended  for  a  similar 
purpose. 

The  meatus  is  closed  at  the  bottom  by  a 
membrane  ^d),  which  is  stretched  across  it  like 
the  skin  of  a  drum,  and  has  been  termed,  from 
this  resemblance,  the  membrane  of  the  tt^patmm, 
or  the  ear-drum.*  It  performs,  indeed,  an  office 
corresponding  to  its  name ;  for  the  sonorous  un- 
dulations of  the  air,  which  have  been  collected, 
and  directed  inwards  by  the  grooves  of  the 
concha,  strike  upon  the  ear-drum,  and  throw  it 
into  a  similar  state  of  vibration.  The  ear-drum 
is  composed  of  an  external  membrane,  derived 
from  the  cuticle  which  lines  the  meatus ;  an  in- 
ternal layer,  which  is  continuous  with  that  of 
the  cavity  beyond  it ;  and  a  middle  layer,  which 
consists  of  radiating  muscular  fibres,  proceeding 
from  the  circumference  towards  the  centre,  where 
they  are  inserted  into  the  extremity  of  a  minute 

*  The  inner  surface  of  the  ear-drum  is  shown  in  this  figure, 
the  cavity  of  the  tympanum,  which  b  behind  it,  being  laid 
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b(Miy  process  (h),  preseatly  to  be  described.* 
This  muscular  structure  appears  designed  to 
vary  the  degree  of  teosioD  of  the  ear-drum,  and 
thiK  adapt  the  rate  of  its  vibratitnis  to  those 
commimicated  -to  it  by  the  air.  There  is  also  a 
slender  muscle,  situated  internally,  which  by 
acting  on  this  delicate  process  of  bone,  as  on  a 
lever,  puts  the  whole  membrane  on  the  stretch. 
«ad  enables  jts  radiating  fibres  to.  effect  the 
nicer  adjustments  required  for  tuning,  as  it  may 
be  called,  this  part  of  the  oi^^an.t 

Immediately  behind  the  membrane  of  the  ear* 
drum,  there  is  a  hollow  space  (t),  called  the 
pavittf  of  the  tympanum,  of  an  irregular  shape, 
scooped  out  of  the  most  solid  part  of  the  tem- 
poral bone,  which  is  here  of  great  density  and 
hardness.  This  cavity  is  always  filled  with  air ; 
but  it  would  obviously  defeat  the  purpose  of  the 
organ  if  the  air  were  confined  in  this  space ; 
because  unless  it  were  allowed  occasionally  to 
expand  or  contract,  it  could  not  long  remain  in 
equilibrium  with  the  pressure  exerted  by  the 
atmosphere  on  the  exiernal  surface  of  the  ear- 
drum; a  pressure  which,  as  is  well  known,  is 
subject  to  great  variations,  indicated  by  the  rise 
and  fall  of  the  barometer.     These  variations 

'  la  many  quadrupeds  their  insertion  into  this  process  is  at 
some  distance  from  the  centre  of  the  membrane.  These  mus- 
cular fibres  are  delineated  in  Fig.  45,  vol.  i,  p.  136. 

t  Home,  Lectures,  Ac,  iii,  268. 
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would  expose  the  membrane  of  the  ear-drum  to 
great  inequalities  of  pressure  at  its  outer  and 
inner  surfaces,  and  endanger  its  being  forced, 
according  to  the  state  of  the  weather,  either  out- 
waids  or  inwards,  which  would  completely  inter- 
fere  with  the  delicacy  of  its  vibrations.  Nature 
has  guarded  against  these  evils  by  establishing 
a  passage  of  communication  between  the  tym- 
panum and  the  external  air,  by  means  of  a  tube 
(e),  termed  the  Eustachian  tube,  which  begins  by 
a  small  orifice  from  the  inner  side  of  the  cavity 
of  the  tympanum,  and  opens  by  a  wide  mouth  at 
the  back  of  the  nostrils.*  This  tube  perfonns 
the  same  office  in  the  ear,  as  the  hole  which  it 
is  found  necessary  to  make  in  the  side  of  a  drum, 
for  the  purpose  of  opening  a  communication 
wilb  the  external  air ;  a  communication  which 
is-as  necessary  for  the  functions  of  the  ear,  as  it 
is  for  the  proper  sounding  of  the  drum.  We 
find,  accordingly,  that  a  d^ree  of  deafness  is 
induced  whenever  the  Eustachian  tube  is  ob- 
structed, which  may  happen  either  from  the 
swelling  ef  the  membrane  lining  jt,  during  a 
cold,  or  from  the  accumulation  of  secretion  in 
tile  passage.  It  is  also  occa»onaIly  useful  as  a 
cbumel  through  which  sounds  may  gain  admit- 
tance  to  the  intenial  ear ;  and  it  is  perhaps  for 


'  This  opening  ii  seen  at  b,  in  Fig.  382,  p.  400,  representing 
a  vertical  aod  longiludinal  ucUod  of  tbe  right  noctrili 
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tiiis  reasoD  that  we  InstmctiTely  open  the  mouth 
when  we  are  intent  on  hearing  a  very  ftaat  or 
distant  sound. 

On  the  side  of  the  cavity  of  the  tympanum, 
which  is  opposite  to  the  opening  of  the  Eu- 
stachian tube,  is  situated  the  beginning  of 
another  passage,  leading  into  numerous  :ceUs, 
contained  in  the  mastoid  process  of  the  temporal 
bone,  and  therefore  termed  the  mastoid  cells: 
these  cells  are  likewise  filled  with  air.  The 
innerm<^t  side  of  the  same  cavity,  that  is  the 
side  o[^H)site  to  the  ear-drum,  and  which  ia 
shown  in  Fig.  391,  is  occupied  by  a  rounded 
eminence  (p),  of  a  toiangular  shape,  termed  the 
promontory;  on  each  side  of  which  there  is  an 


392 


opening  in  the  bone,  closed,  however,  by  the 
membrane  lining  the  whole  internal  surface  of 
the  cavity.  The  opening  (o),  which  is  situated 
at  the  upper  edge  of  the  promontory,  is  called 
the  fenestra  ovalis,  or  oval  window ;  and  that 
near  the  under  edge  (b),  is  the  fenestra  rotunda, 
or  round  window. 
Connected  with  the  membrane  of  the.  ear- 
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drum,  at  one  end,  and  with  the  feneatxa  oralia 
at  the  other,  there  extends  a  chain  of  very 
minute  moveable  bones,  seen  at  (a),  in  Fig.  390 ; 
but  more  distinctly  in  Fig.  302,  which  is  drawn 
on  a  somewhat  lai^er  scale,  and  in  which  ae 
before  (d)  is  the  ear-drum ;  (p)  the  promontory, 
(o),  the  fenestra  oralis;  and  (r)  the  fenestra 
rotunda.  These  bonesf  which  may  be  called 
the  tifmpanic  osaieula,  are  four  in  number,  and 
are  represented,  enlarged  to  twice  the  natural 
size,  in  Fig.  393.  The  names  they  have  received 
are  more  descriptive  of  their  shape  than  of  their 
office.  The  tirst  is  the  malleus,  or  hammer  (m)  ; 
and  its  long  handle  (h)  is  affixed  to  the  centre  of 
the  ear-drum  :  the  second  is  the  utau,  or  anvil 
(i) ;  the  third,  which  is  the  smallest  in  the  body, 
being  about  the  size  of  a  millet  seed,  is  the  otbt- 
eular  bone  (p)*  i  and  the  last  is  the  steppes,  or 
stirrup  (s),  the  base  of  which  is  applied  to  the 
membrane  of  the  fenestra  ovalis.  Thesfe  bones 
are  regularly  articulated  together,  with  all  the 
ordinary  apparatus  of  joints,  and  are  moved  by 
small  muscles  provided  for  that  purpose.  Their 
office  is  apparently  to  transmit  the  vibrations  of 
the  ear-drum  to  the  membrane  of  the  fenestra 
ovalis,  and  probably,  at  the  same  time,  to  in- 
crease their  force. 

*  Blumenbach,  and  other  anatomists,  consider  (his  as  not 
being  a  separate  bone,  but  only  a  process  of  the  incut ;  a  viev 
of  the  subj«:t  which  is  supported  by  the  observations  of  Hr. 
Shrapnell,  detuled  io  the  Medical  Gazette,  xii,  172. 
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The  more  internal  parts  of  the  ear  compose 
what  is  designated,  from  the  intricacy  of  its  wind- 
ing passages,  the  labyrinth.    It  is  seen  at  (s  v  k) 
in   Fig.   390,  in  cmnex- 
f    ion  with  the  tympanum ; 
but  in  Fig.  394,  it  is  repre- 
sented,  on    a    very  lai^ 
J  scale,  detached  from  every 

other  part,  and  separated 
from    the    solid    bone   in 
which    it   lies  embedded. 
It  consists  of  a  middle  por- 
tion, termed  the  vestibule 
(v),    from   which,   on    its 
upper  and  posterior  side,    proceed  the    three 
tubes  (x,  Y,  z),  called,   from   their  shape,  the 
semicircular  canals ;  while  to  the  lower  anterior 
side  of  the  vestibule  there  is  attached  a  spiral 
canal,  resembling  in  appearance  the  shell  of  a 
snail,  and    on    that   account   denominated  the 
Cochlea  (k).     All  these  bony  cavities  are  lined 
with  a  very  delicate  membrane,  or  periostemn, 
and  are  filled  with  a  transparent  watery,  or  thin 
gelatinous  fluid,  which  is  termed  by  Breschet, 
the  perilymph.* 

Within  the  cavity  of  the  osseons  labyrinth  now 
described,  are  contained  membranes  having 
nearly  the  shape  of  the  vestibule  and  semicir- 

*  Anaales  dea  Sciences  Naturetles,  xxix,  97.  It  has  also 
been  called  the  Aqita  labyrinlki,  and  the  fluid  of  Coluntiius, 
from  the  aame  of  the  Anatomist  who  first  distinctly  described  it. 


t:  Go  Ogle 


428  THE  SENSORIAL  FUNCTIONS. 

cular  canals,  but  not  extending  into  the  cochlea. 
These  membranes,  which  compose  what  has 
been  termed,  for  the  sake  of  distinction,  the 
tnfln&ranouf  labyrinth,  form  one  continuous,  bat 
closed  sac,  containing  a  fluid*,  perfectly  similar 


in  appearance  to  the  perilymph,  which  sur- 
rounds it  on  the  outer  side,  and  intervenes  be- 
tween it  and  the  sides  of  the  osseous  labyrinth, 
preventing  any   contact  with  those  sides.     In 

*  De  BlaiavilU  has  tenned  this  fluid  "  la  vitriae  auditive," 
from  it!  supposed  analogy  with  the  vitreous  humour  of  the  eye. 
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Fig.  305,  vhich  is  on  a  still  lai^er  scale  than 
the  preceding  figure,  the  osseous  labyrioth  is 
laid  open,  so  as  to  show  the  parts  it  encloses, 
and  more  especially  the  membranous  labyrinth, 
floating  in  the  perilymph  (p).  The  form  of 
this  latter  part  is  still  more  distinctly  seen,  in 
Fig.  396,  where  it  is  represented  in  a  position 
exactly  corresponding  to  the  former  figure,  but 
wholly  detached  from  the  bony  labyrinth,  and 
connected  only  with  the  nervous 'filaments  which 
are  proceeding  to  be  distributed  to  its  different . 
parts. 

A  simple  inspection  of  these  figures,  in  both 
of  which  the  corresponding  parts  are  marked  by 
the  same  letters,  will  show  at  once  the  form  and 
'the  connexions  of  the  three  semicircular  canals, 
(x,  Y,  z),  each  of  which  present,  at  their  origin 
from  the  vestibule,  a  considerable  dilatation, 
termed  an  ampulla  (a,  a,  a),  while,  at  their  other 
extremities,  where  they  terminate  in  the  vesti- 
bule, there  is  no  enlai^ement  of  their  diameter  : 
and  it  wUl  also  be  seen  that  two  of  these  canals 
(x  and  t)  unite  into  one  before  their  termination. 
The  same  description  applies  in  all  respects 
both  to  the  osseous  and  to  the  membranous 
canals  contained  within  them ;  the  space  (p) 
which  intervenes  between  the  two,  being  filled 
with  the  perilymph.  But  the  form  of  the 
membranous  vestibule  demands  more  particular 
notice,  as  it  is  not  so  exact  an  imitation  of  that 
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of  the  osseous  cavity ;  being  composed  of  two 
distinct  sacs,  opening  into  each  other:  one  of 
these  (u)  is  termed  the  utricle* ;  and  the  other 
(s),  the  sacculus.  Each  sac  contains  in  its  in- 
terior a  small  mass  of  white  calcareous  matter, 
(o,  0-),  resembling  powdered  chalk,  which  seems 
to  be  suspended  in  the  fluid  contained  in  the 
sacs  by  the  intermedium  of  a  number  of  nervous 
filaments,  proceeding  from  the  acoustic  nerves  (o 
and  n),  as  seen  in  Fig.  390.  From  the  universal 
.  preseoce  of  these  cretaceous  substances  in  the 
labyrinth  of  all  the  mammalia,  and  &om  their 
much  greater  size  and  hardness  in  aquatic 
animals,  there  can  be  little  doubt  that  they  per- 
form some  office  of  great  importance  in  the  phy- 
siology of  hearing.-f  Their  size  and  appearance 
in  the  Dog  is  shown  in  Fig.  397 ;  and  in  the 
Hare,  in  Fig.  398. 

The  Cochlea,  again,  is  an  exceedingly  curioug 
structure,  being  formed  of  the  spiral  convt^n- 
tions  of  a  double  tube,  or  rather  of  one  tube, 
separated  into  two  compartments  by  a  partition 
(l),  called  the  lamina  spiralis,  which  extends  its 
whole  length,  except  at  the  very  apex  of  the 

■  Scarpa  and  Weber  term  it  the  sinus  or  alveus  tttriettlosuM ; 
it  is  called  by  others  the  laccultu  veslibuli.  Breschet  gives  it 
the  name  of  le  imia  midtoH.  See  the  Memoir  already  quoted, 
p.  98. 

i  These  cretaceous  bodies  are  termed  by  Breschet  ololxthfi, 
aod  otocomet,  accotding  as  they  are  of  a  hard  or  soft  consistence. 
ItHd.  p.  99. 
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coDe,  where  it  suddenly  termiaates  in  a  curred 
point,  or  hook  (h),  leaving  an  aperture  by  which 
the  two  portions  of  the  tube  communicate  to- 
gether. In  Fig.  395,  a  bristle  (b,  b)  is  passed 
through  this  aperture.  The  central  pillar,  round 
which  these  tubes  take  two  and  a  half  circular 
turns,  is  termed  the  modiolus.  Its  apex  is  seen 
at  (h).  One  of  these  passages  is  distinguished 
by  the  name  of  the  vestibular  tube*,  in  conse- 
quence of  its  arising  from  the  cavity  of  the  ves- 
tibule ;  and  the  other  by  that  of  the  tympanic 
tube-\,  because  it  begins  from  the  inner  side  of 
the  membrane  which  closes  the  fenestra  rotunda, 
.and  forms  the  only  separation  between  the 
interior  of  that  tube,  and  the  cavity  of  the  tym- 
panum. The  trunk  of  the  auditory  nerve  occu- 
pies a  hollow  qtace  immediiUely  behind  the 
ventricle,  and  its  branches  pass  through  minute 
hides  in  the  bony  plate  which  forms  the  wall  of 
that  cavity,  being  finally  expanded  on  the  dif- 
ferent parts  of  the  membranous  labyrinth.^ 

*  Scala  vettibuli.  t  Scala  tytnpani. 

X  lu  Fig.  396,  the  antedor  trunk  of  the  auditory  nerve  is  seen 
(at  g)  distributing  branches  to  the  ampullae  (a,  a),  the  utricle 
(u),  and  the  calcareous  body  it  contains;  while  the  posterior 
trunk  (n)  divides  into  a  branch,  which  supplies  the  sacculus  (s) 
and  its  calcareous  body  (o),  and  a  second  branch  (k)  which  is 
distributed  over  the  cochlea,  (s)  is  the  ilerve  called  the  portio 
dura,  which  merely  accompanies  the  auditory  nerve,  but  has  no 
relation  to  the  sense  of  hearing.  In  Fig.  390,  the  auditory 
nerve  (n)  is  seen  entering  at  the  back  of  the  vestibule. 


lyGOOgIC 


432  THE  SENSORUL  FUNCTIONS. 

Great  uncertainty  prerails  with  regaid  lo^ie 
real  fbnctions  performed  by  the  eeveral  ptnit  «f 
this  Teiy  complex  apparatua.  It  is  most  pr«- 
bable,  however,  that  the  stmorouB  vibrataom  of 
the  air  which  reach  the  external  ear,  are  directed 
dovn  the  meatus,  aad  striking  against  the  ear- 
drum which  closes  the  passage,  throw  that  mem- 
brane into  vibrations  of  the  Sfune  frequency ;  to 
which  the  action  of  its  muscles,  which  appear  in- 
tended to  regulate  its  tensicai.may  also  ixinthbute. 
The  vibratimis  of  the  ear-drum,  no  doubt,  excite 
coiresponding  motions  in  the  air  contained  in 
the  cavity  of  the  tympanum ;  which,  again,  coas- 
municates  them  to  the  membrane  of  the  £eDestsa 
rotunda ;  while,  on  the  other  huid,  the.  meti- 
brane  closing  the  fenestra  ovalis,  receives  siaul^r 
impressions  £rom  the  stapes,  conveyed  throa^ 
the  chain  of  tympanic  ossicula,  which  appear  to 
serve  as  solid  ctmductors  of  the  same  vibratioM. 
Thus  the  perilymph,  or  fluid  contained  ih  the 
labyrinth,  is  affected  by  each  external  sound,  both 
through  the  medium  of  the  air  in  the  tympanum, 
and  by  means  of  the  ossicula :  the  undulatious 
thus  excited  produce  impressions  on  the  extre- 
mities of  the  ncr>-ou8  filaments,  which  are  spread 
over  the  membranous  labyrinth ;  and  these  im- 
pressions being  conveyed  to  the  brain,.are  imme- 
diately followed  by  the  sensation  of  sound. 

With  regard  to  the  purposes  which  are  an- 
swered by  the  winding  passages. of  the. semi* 
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circtilar  canals,  and  cochlea,  hardly  any  ^ub- 
iUe  ccmjecture  has  be«i  offered ;  yet  no  doubt 
can  be  entertaioed  that  the  used  of  all  these  puts 
are  <Mf  considerable  importance,  both  as  to  deli- 
cacy and  correctness  of  hearing.  There  is  an 
obvions  CMrespondence  between  the  positions  of 
the  three  semicircular  canals,  (two  of  which  are 
vertical,  and  one  horizontal,  and  of  which  the 
planes  are  reciprocally  perpendicular  to  one  ano- 
ther,) and  the  three  dimensions  by  which  the  geo- 
metrical relations  of  space  are  estimated ;  and  it 
might  hence  be  conjectured  that  the  object  of 
this  arrangement  is  to  allow  of  the  transmission 
of  vibrations  of  every  kind,  in  whatever  direction 
they  may  arrive.  It  is  not  an  improbable  sup- 
position that  the  return  into  the  vestibule,  of 
undulations  which  have  passed  through  these 
canals,  has  the  effect  of  at  once  putting  a 
stop  to  all  farther  motion  of  the  fluid,  and  pre- 
venting the  continuance  of  the  impression  which 
has  been  already  made  on  the  nerves.  The 
same  use  may  be  assigned  to  the  double  spiral 
convolutions  of  the  tubes  of  the  cochlea:  for  the 
undulations  of  the  fluid  in  the  -tympanic  tube, 
received  from  the  membrane  of  the  fenestra 
rotunda,  will  meet  those  proceeding  along  the 
vestibular  tube,  derived  from  the  membrane  of 
the  fenestra  ovalis,  and  like  two  opposing  waves, 
will  tend  to  destroy  one  another.  Thus  each 
external  sound  will  produce  but  a  single  mo- 
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mentary  impreBSion ;  the  prolongatitm  of  tlw 
undulations  of  the  fluid  of  the  labyrinth  being 
prerented  by  their  mutual  coUiaion  and  neutral- 
izatioti.* 


§  3.  Comparative  Pkydology  of  Hearing. 

The  structure  of  the  organs  of  hearing  in  the 
low^  animals  presents  a  r^;u1ar  gradation  ftom 
the  simple  vestibule,  with  its  membranous  sac, 
supplied  with  nerrous  filaments,  which  may  be 
regarded  as  the  only  essential  part  of  this  organ, 
through  the  successiTe  additions  of  semicircular 
canals,  fenestra  ovalis,  tympanic  cavity,  easicida,. 
ear-drum,  meatus  anditorius,  cochlea,  and  con- 
cha, till  we  arrive  at  the  combination  of  all 
these  parts  in  die  higher  orders  of  the  Mam- 
malia.   The  simpler  forms  are  generally  met 


*  The  preliminary  stepa  in  the  proceu  abofe  detcribed  are  not 
absolutely  euential  to  hearing,  for  many  instances  have  occurred 
in  which  the  power  of  hearing  hat  been  perfectly  retained  afta 
the  membrane  of  the  ear-drum,  and  also  the  o»icula  had  been 
destroyed  by  disease.  A  small  aperture  in  the  ntembrane  does 
not  interfere  widi  its  power  of  vibration ;  but  if  the  whole  ear-.- 
drum  be  detlroyed,  and  the  ossicula  lost,  an  almost  total  deafness 
generally  ensues.  After  a  time,  however,  the  hearing  may  be  in 
a  great  measure  recovered,  with  an  undiminished  power  c^dit~ 
tinguiahing  musical  tones.  See  two  papers  by  Sir  Astley  Cooper, 
in  the  Phil.  Trans,  for  1800,  p.  151  ;  and  for  1801,  p.  437. 
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irith  ia  fiquatic  animals,  probably  because  Ihe 
WDOious  undulations  of  water  are  eoramunicated 
moire  readily,  and  vith  greater  force,  than  those 
of  air,  and  require  no  accessory  apparatus  for 
Aeir  concentration.  The  lobster,  for  instance, 
has  a  vestibular  cavity  (seen  at  v,  in  Fig.  309), 
coatuning  a  membranous  sac,  vith  a  striated 
groove  (o)*,  and  receiving  the  fihuuents  of  th^ 
auditory  nerve.  This  vestibule  is  {wotected  by 
the  shell  on  all  sides,  except  at  one  part,  where 
it  is  closed  only  by  a  membrane  (e),  which  may 
therefore  be  considered  as  corresponding  to  the 
fenestra  ovalis.     The  outer-side  of  this  mem- 


brane in  the  Astacus  Jiuviatilis,  or  cray-fish,  is 
seen  at  f  In  Fig.  401 ;  while  Fig.  402,  shows 
an  interior  view  of  the  same  membrane  (p),  with 
the  vestibule  (v)  laid  open,  and  the  auditory 
nerve  (n)  passing  through  the  shell  to  be  dis- 
tributed on  the  sacculus. 

It  appears  from  a  variety  of  observations  that 
Insects,  both  in  tbeir  larva  and  their  perfect 

'  This  groove  ii  repieieated  magnified  id  Fig.  400. 
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State,  possess  the  faculty  of  hearing ;  but  no 
certain  knowledge  has  been  obtained  of  the 
parts  which  exercise  this  sense.  The  prevailing 
opinion  among  entomologists  is  that  it  resides  in 
some  part  of  the  antennee ;  organs,  which  are 
supposed  to  have  a  peculiar  sensibility  to  aerial 
undulations.  This  hypothesis  is  founded  princi- 
pally on  the  analogy  of  the  Crustacea,  whose 
fuitennee  contain  the  vestibular  cavity  already 
described ;  but  on  the  other  hand  it  is  opposed 
by  the  fact  that  Spiders,  which  hear  very  acutely, 
have  no  antennee;  and  it  is  also  reported  that 
insects,  when  deprived  of  their  antennee,  stilt 
retain  the  power  of  hearing.* 

None  of  the  MoUusca  appear  to  possess,  even 
in  the  smallest  degree,  the  sense  of  hearing,  if 
we  except  the  highly  organized  Cephalopoda; 
for  in  them  we  find,  at  the  lower  part  of  the  car- 
tilaginous ring,  which  has  been  supposed  to  ex- 
hibit the  first  rudiment  of  a  cranium,  a  tubercle, 
containing  in  its  interior  two  membranous  vesi- 
cles, contiguous  to  each  other,  and  surrounded 
by  a  fluid.  They  evidently  correspond  to  the 
vestibtdar  sacs,  and  contain  each  a  small  cal- 
careous body,  suspended  from  the  vesicles  by 

*  Camparetti  has  described  structureB  in  a  great  number  of 
iniects,  which  he  imagined  were  oi^ans  of  hearing;  but  his 
observations  have  not  been  confinned  by  subsequent  inquirers, 
and  their  accuracy  is  therefore  doubtful.  See  De  Blaioville 
"  Oe  rOi^aniaatioh  des  Antmaux,"  i,  565. 
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,8leader  nervous  filaments,  like  the  clapper  of  a 
bell,  and  probably  performing  an  office  ana- 
logous to  that  instrument ;  for,  being  thrown  into 
a  tremulous  motion  by  every  undulation  of  the 
surrounding  fluid,  they  will  strike  against  the 
membrane,  and  communicate  simUar  and  still 
stroller  impulses  to  the  nerves  by  which  they  are 
.suspended,  thus  increasing  the  impression  made 
on  those  nerves.  The  mechanical  effect  of  an 
apparatus  of  this  kind  is  shown  by  the  simple 
experiment,  mentioned  by  Camper,  of  oiclosing 
a  marble  in  a  bladder  full  of  water,  and  held  in 
the  hand;  when  the  slightest  shaking  of  the 
bladder  will  be  found  instantly  to  communicate 
motion  to  the  marble,  the  reaction  of  which  on 
the  bladder  gives  an  unexpected  concussion  to 
the  hand. 

The  ear  of  Fishes  contains,  in  addition  to  the 
vestibule,  the  three  semicircidar  canals,  which 
are  in  general  greatly  developed.*  An  enlarged 
view  of  the  membranous  labyrinth  of  the  Lopkitts 
piscatorius  is  given  in  Fig.  403,  showii^  the  form 
and  complication  of  its  parts,  which  are  repre- 
seuted  of  twice  the  natural  size,  x,  v,  z,  are 
the  semicircular  canals,  with  their  respective 
ampuUee  (a,  a,  a),  h  is  the  Sinus  mediimus,  or 
principal  vestibular  sac,   with  its  anterior  ex- 

.  *  In  the  lamprey,  these  canali  exist  only  in  a  rudimeatal  state, 
.appearing  as  folds  of  the  membrane  of  the  vestibule;  and  then 
are  also  no  cretaceous  bodies  in  the  vestibular  sac. 
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phnwm,  termed  the  Utriele  (u).  The  SmoaUus 
(fi)  has,  in  like  maimra',  a  pMterior  appendage 
(c)  tenned  the  CyttumU.  The  hard  calcaraouB 
bodies  (o,  o,  o)  are  three  in  number ;  and  the 
branches  of  benres  (i,  i,  i)  by  which  th^  are 
siupended  in  the  fluid  contained  in  the  mcmr 
branes,  are  seen  passing  into  them ;  while  the 
oupulUe  are  supi^ied  by  other  branches(N,N,N). 


In  all  the  osseous  fishes  the  labyrinth  is  not  en- 
closed in  the  lH»k^  of  the  cranium,  but  projects 
into  itd  cavity ;  but  in  the  larger  cartilaginous 
fishes,  as  the  ray  and  sharit  tribes,  it  is  sur- 
rounded by  solid  bone,  and  is  not  visible  within 
the  cranium.  In  these  latter  fishes,  we  first 
meet  with  a  rudiment  of  the  meatus,  in  a  passage 
extending  frwh  the  inner  side  of  the  vestibule 
to  the  upper  and  back  part  of  the  skull,  where 
it  is  closed  by  a  membrane,  which  is  covered  by 
the  skin. 
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Aqaatic  reptiles  hare  ears  coDstnicted  nearly 
on  the  same  plan  a»  those  of  fishes :  thus  the 
Triton  or  iVewt,  has  a  vestibule  c(nitaimng  only 
one  cretaceous  body,  and  three  semicircular 
canals,  unprotected  by  any  surrounding  bone. 
In  the  Frog,  however,  we  first  perceive  the  ad- 
dition of  a  distinct  cavity,  closed  by  a  mem- 
brane, which  is  on  a  level  with  the  int^ioments^ 
on  each  side  of  the  head.  From  this  cavityf 
which  corresponds  to  that  of  the  tympanum, 
there  proceeds  an  Bustacbian  tube  ;  and  within 
it,  extending  fi-om  the  external  membrane, 
which  must  here  be  regarded  as  an  ear-drum^ 
to  the  membrane  of  the  vestibule,  or  fenestra 
ovalis,  is  found  a  bone,  shaped  like  a  trump^ 
and  termed  the  Columbia.  This  bone  is  seen 
at  c  in  Fig.  4Q4,  attached  by  its  base  (b)  to  the 
fenestra  ovalis  of  the  vestibule  (v),  which  con- 


tains the  cretaceous  body  (o).  There  is  also  a 
small  bone  (i)  attached  in  front  to  the  columella. 
In  the  Chelonia,  the  structure  of  the  ear  is 
essentially  the  same  as  in  the  Frog,  but  the 
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tympMiiim  and  ct^umella  are  of  greater  lengA'. 
In  the  Baurian  reptiles  the  cavity  of  the  tytt>- 
panum  is  stiU  mare  capacioiu,  and  the  esr-dnat 
very  distinctly  marked,  and  these  animiilft  pOAr 
Bees  great  delicacy  of  hearing.  The  labyrinth 
v£  the  Crocodile  is  enclosed  in  bone,  and  con- 
tains three  calcareous  bodies  :  it  presents  also  an 
appendagfe  which  has  beoi  regarded  as  the 
earliest  rudiment  of  a  cochlea;  and  there  are 
two  fdds  of  the  skin,  resembling  eye-lids,  at  the 
external  orifice  of  the  cn^^,  which  appear  like 
the  first  step  towards  the  derelopement  of  an 
external  ear. 

The  stractnra  of  the  ear  in  the  Crocodile  is 
bat  an  af^roximation  to  that  which  we  find  jue- 
Tailing  in  Birds,  where  the  oigan  is  <tf  laige  sise 
compared  with  that  of  the  head.  The  rudi- 
m^ital  cochlea,  as  seen  at  k  in  F^.  405,  wfci<^ 
represents  these  organs  in  the  Turkey,  is  of 
large  size,  and  slightly  curved.  In  the  cavity 
of  the  tympanum  (t)  is  seen  the  columella,  whit^ 
extends  to  the  fenestra  oralis ;  and  beytmd  it,  the 
semicizcular  canals  (s),  the  bony  cells  (b)  which 
communicate  with  the  tympanum,  the  os  quad- 
ratum  (q),  the  zygomatic  process  (z),  and  the 
lower  jaw  (j).  The  ear-drum  is  now  no  longer 
met  with  at  the  sur&ce,  but  lies  concealed  at  the 
bottom  of  a  short  meatus,  the  orifice  of  which  is 
surrounded  with  feathers  arranged  so  as  to  serve 
as  a  kind  of  imperfect  concha,  or  external  ear. 
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Id  Owls  these  featliers  are  a  prommeot  and  cha^ 
nacteristic  feature ;  and  ia  these  birds  there  is, 
]>eside8,  a  membraaous  flap,  acting  as  a  valve  to 
guard  the  passage. 

The  chief  peculiarity  obseirable  in  the  in- 
t«jraal  ears  of  Mammalia  is  the  great  develops 
meat  of  the  cochlea,  the  tubes  of  which  are  con- 
ytJuted,  turning  in  a  spiral,  and  assuming  the 
^guce  oi  a  turbinated  shell.  From  an  extensive 
•BOniparisoD  of  the  relative  size  of  the  cochlea  in 
different  tribes  of  quadrupeds,  it  has  been  in- 
ferred that  it  bears  a  tolerably  constant  propor- 
tion  to  the  degree  of  acuteness  of  hearing,  and 
(hat,  consequently,  it  contributes  essentially  to 
the  perfection  of  that  focnlty :  bats,  for  instance, 
which  are  known  to  possess  exquiute  delicacy 
of  hearing,  have  a  cochlea  of  extraordinary  size, 
.compared  with  the  other  parts  of  the  ear.  The 
^tympanic  ossicula  are  completely  developed 
pnly  in  the  Mammalia.*  It  is  also  in  this  class 
tdone  that  we  meet  with  a  concha,  or  external 
ear,  distinctly  mariied ;  and  the  utility  of  this 
part,  in  catching  and  collecting  the  sonorous 
luttdulationfi  of  the  air,  may  be  inferred  from  the 
circumstance,  that  a  large  and  very  moveable 
jzoncha  is  gcmerally  attended  with  great  acute- 

*  lliete  tympanic  ouicnla  are  nj[arded  by  Oeofiroy  St.  Hilaire 
as  GOrreipondiDg  to  the  opercular  bones  of  fishes,  where,  accord- 
iDg  to  his  theory,  they  hare  attained  their  highest  degree  of 
4eTelopement. 
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ness  of  healing.  This  ie  more  particularly  the 
case  with  feeble  and  timid  quadrupeds,  as  the 
hare  and  rabbit,  which  are  ever  on  the  watch  to 
catch  the  most  distant  sounds  of  danger,  and 
whose  ears  are  turned  backwards,  or  id  the 
direction  of  their  pursuers ;  while,  on  the  con- 
trary, the  ears  of  predaceous  animals  are  directed 
forwards,  that  ia,  towards  the  objects  of  their 
pursuit.  This  difference  in  direction  is  not 
confined  to  the  external  ear,  but  is  obserrable 
also  in  the  bony  passage  leading  to  the  tym- 
panum. 

The  Cetacea,  being  strictly  inhabitants  of  the 
water,  have  no  external  ear;  and  the  passage 
leading  to  the  tympanum  is  a  niirrow  and  wind- 
ing tube,  formed  of  cartilage  instead  of  bone, 
and  having  a  very  small  external  aperture.  In 
the  Dolphin  tribe  the  orifice  will  barely  admit 
the  entrance  of  a  pin ;  it  is  also  exoeedin^y 
nnaU  in  the  Zhtgoag;  these  structures  being 
evidently  intended  for  preventing  the  entrance 
of  any  quantity  of  waiter.*  It  is  apparently 
with  the  same  design  that  in  the  Seal  the  pas- 
sage makes  a  circular  turn ;  and  that,  in  the 
Omitiwrhynem  paradoxua,  it  winds  nrand  the 
traapond  bone,  and  has  its  extanal  orifice  at  a 
great  distance  from  the  vestibule.     The  internal 

'  It  i>  probable  that  in  theie  aniinali  the  principal  channel 
by  which  Mundf  reach  the  intenml  oigan  i«  th«  Eustachiaa 
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parts  of  the  orgao  of  heariog  in  the  Whale  and 
other  cetacea,  are  enclosed  in  a  bone  of  extra- 
ordinaiy  hardness,  which,  instead  of  formii^  a 
continuous  portion  of  the  skull,  is  connected  to 
it  only  by  ligaments,  and  suspended  in  a  kind  of 
osseous  cavity,  formed  by  the  adjacent  bones. 
The  cochlea  is  less  developed  than  in  quad- 
rupeds, for  it  only  takes  one  turn  and  a  half, 
instead  of  two  and  a  half.  The  existence  of  the 
semicircular  canals  in  the  cetacea  was  denied 
by  Camper ;  but  they  have  since  been  disco- 
vered by  Cuvier. 

Several  quadrupeds,  which  are  in  the  habit  of 
burrowing,  or  of  diving,  as  the  Sorexjbdiaut  or 
water-shrew,  are  furnished  with  a  valve,  com- 
posed of  a  double  membrane,  capable  of  accu- 
rately cloaing  the  extemal  opening  of  the  meatus, 
and  protecting  it  from  the  introduction  of  water, 
earth,  or  other  extraneous  bodies.*  In  like 
manner  the  extemal  ear  of  the  Hippopotamus, 
which  feeds  at  the  bottom  of  rivers,  is  guarded 
by  an  apparatus  which  has  the  efifect  of  a  valve. 

We  find,  indeed,  the  same  provident  care  dis- 
played in  this,  as  in  every  other  depajtment  of 
the  animal  economy :  every  part,  however  mi- 
nute, of  the  organ  of  this  important  sense,  being 
expressly  adapted,  in  every  species,  to  the  par- 
ticular drcumstances  f^  their  situatifm,  and  to 

*  Geoflioy  St.  Hilaire ;  Memoirei  du  Huieum,  i,  305. 
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that  d^;ree  of  acuteness  of  p«%eptioD,  which  is 
best  suited  to  their  respective  wants  and  powers 
of  gratification.* 


Chapteb  VI. 


§  1.  Object  of  the  Sense  of  Vision. 

To  those  who  study  nature  with  a  view  to  the 
discovery  of  final  causes,  no  subject  can  be  more 
interesting  or  instructive  than  the  physiology*of 
Vision,  the  most  refined  and  most  admirable  of 
all  our  senses.  However  well  we  may  be  ac- 
quainted with  the  construction  of  any  particular 
part  of  the  animal  irame,  it  is  evident  that  we 
can  never  form  a  correct  estimate  of  the  excel- 
lence of  its  mechanism,  unless  we  have  also  a 
knowledge  of  the  purposes  to  be  answered  by  it, 
and  of  the  means  by  which  those  purposes  can 
be  accomplished.  Innumerable  are  the  works  of 
creation,  the  art  and  contrivance  of  which  we 

•  llie  ComparatiTe  Pbysiolc^  of  the  Voice,  a  function  of 
vrhidl  the  object,  in  animals  aa  well  as  in  man,  is  to  prodooe 
•onodB,  addressed  to  the  ear,  and  expiesaive  of  tfaeir  ideas,  fed- 
ings,  desires  and  passions,  forms  a  natural  sequel  to  that  of 
Hearing;  but  Sir  Charles  Bell  having;  announced  his  intention 
of  inUttducing  it  in  hia  Treatise  <m  the  Hand,  1  have  abstakid 
firom  enterips  into  this  axtisnMve  subiecl. 
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ore  incompetent-  to  understand,  because  we  per- 
ceiye  only  the  ultimate  effects,  and  remain  igno- 
rant of  the  operations  by  which  those  effects  are 
produced.  In  attempting  to  iuTestigate  these 
obscure  functions  of  the  animal  or  vegetable 
economy,  we  might  fancy  ourselves  engaged  in 
the  perusal  of  a  volume,  written  in  some  un- 
known language,  where  we  have  penetrated  the 
meaning  of  a  few  words  and  sentences,  sufficient 
to  show  US  that  the  whole  is  pregnant  with  the 
deepest  thought,  and  conveys  a  tale  of  surpassing 
interest  and  wonder,  but  where  we  are  left  to 
gather  the  sense  of  connecting  passages  by  the 
guidance  of  remote  anal<^es  or  vague  conjecture. 
"Wherever  we  fortunately  succeed  in  decypher- 
ing  any  continued  portion  of  the  discourse,  we 
find  it  characterized  by  a  perfection  of  style,  and 
grandeur  of  conception,  which  at  once  reveal 
a  master's  hand,  and  which  kindle  in  us  the 
most  ardent  desire  of  supplying  the  wide  chasms 
perpetually  interveuing  in  the  mysterious  and 
inspiring  narrative.  But  in  the  subject  which 
now  claims  our  attention  we  have  been  permitted 
to  trace,  for  a  considerable  extent,  the  continuity 
of  the  design,  and  the  lengthened  series  of  means 
employed  for  carrying  that  design  into  execu- 
tion ;  and  the  view  which  is  thus  unfolded  of 
the  magnificent  scheme  of  creation  is  calcidated 
to  give  us  the  most  sublime  ideas  of  the  wisdom, 

7He  POWER,  AND  THE  BENEVOLENCE  OF  GrOD. 

On  none  of  the  works  of  the  Creator,  which 
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we  are  pennitted  to  behold,  have  the  characters 
of  intention  been  more  deeply  and  l^bly  en- 
graved than  in  the  organ  of  viaion,  where  the 
relation  of  every  part  to  the  effect  intended  to 
be  produced  is  too  evident  to  be  mistaken,  and 
the  mode  in  which  they  <^rate  is  at  once 
placed  within  the  range  of  our  comprehension. 
Of  all  the  animal  BtructureB,  this  is,  peifiaps,  the 
one  which  most  admits  of  being  brought  into 
close  comparison  with  the  wcvks  of  human  art ; 
for  the  eye  is,  in  truth,  a  r^ned  optical  instm- 
ment,  the  perfection  of  which  can  never  be  fully 
appreciated  until  we  have  instituted  such  a  com- 
parison ;  and  the  most  profonnd  scientific  inves- 
tigations of  the  anatomy  and  physiology  of  the 
eye  concur  in  showing  that  the  whole  of  its 
structure  is  most  accurately  and  skilfully  adapted 
to  the  physical  laws  of  light,  and  that  all  its  parts 
are  finished  with  that  mathematical  exactness 
which  the  precision  of  the  effect  requires,  and 
which  no  human  effort  can  ever  hope  to  ap- 
proach,— ^far  less  to  attain. 

To  the  prosecution  oi  this  inquiry  we  are 
further  invited  by  the  consciousness  of  the  incal- 
culable advantages  we  derive  from  the  sense  of 
sight,  the  choicest  and  most  enchanting  of  our 
corporeal  endowments.  The  value  of  this  sense 
must,  indeed,  appear  inestimable,  when  we  con- 
sider of  how  lai^e  a  pcvtion  of  our  sensitive 
and  intellectual  existence  it  is  the  intermediftt* 
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source.  Not  only  faas  it  giTen  us  extensive  com- 
mand over  the  objects  wtiich  smTound  us,  and 
enabled  us  to  traverse  and  explore  the  most  dis- 
tant regions  of  the  globe,  but  it  has  introduced 
us  to  the  knowledge  of  the  bodies  which  compose 
the  solar  system,  and  of  the  countless  hosts  of 
stars  which  are  scattered  through  the  firmament, 
thus  expanding  our  views  to  the  remotrat  con- 
fines <tf  creation.  As  the  perceptions  supplied 
by  this  sense  are  at  once  the  quickest,  the  most 
extensive,  and  the  most  varied,  so  they  become 
the  fittest  vehicles  for  the  introduction  of  other 
ideas.  Visual  impressions  are  those  which,  in 
infancy,  furnish  the  principal  means  of  deve- 
loping the  powers  of  the  und^standing :  it  is  to 
this  class  of  perceptions  that  the  philosopher 
resorts  for  the  most  apt  and  perspicuous  illustra- 
tions of  his  reasonings ;  and  it  is  also  from  the 
saniLe  inexhaustible  fountun  that  the  poet 'draws 
his  most  pleasing  and  graceful,  as  well  as  his 
sublimest  imagery. 

The  sense  of  Vision  is  intended  to  convey  to  ' 
its  possessor  a  knowledge  of  the  presence,  situ- 
ation, and  cc^our  of  external  and  distant  objects, 
by  means  of  the  l^ht  which  those  objects  are 
continuaUy  sending  ofi",  either  spontaneously,  or 
by  reflection  from  other  bodies.  It  would  ap- 
pear that  there  is  only  one  part  of  the  nervous 
system  so  peculiarly  organized  as  to  be  ciqtaUe 
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of  being  affected  by  luminotis  rays,  and  convey- 
ing to  the  mind  the  sensation  of  light;  and  thie 
part  is  the  Retina,  bo  named  from  the  thin  and 
delicate  membranous  net-work,  on  which  the 
pulpy  extremities  of  the  optic  nerves,  establish- 
ing an  immediate  communication  between  that 
part  and  the  brain,  are  expanded. 

If  the  eye  were  so  constructed  as  to  allow  the 
rays  of  l^ht,  which  reach  it  from  surrounding 
objects,  simply  to  impinge  on  the  retina  as  they 
are  received,  the  only  perception  which  they 
could  excite  in  the  mind,  would  be  a  general 
sensation  of  light,  proportionate  to  the  total 
quantity  which  is  sent  to  the  or^n  from  the 
whole  of  the  opposite  hemisphere.  This,  how- 
ever, does  not  properly  constitute  Vision  ;  for  in 
order  that  the  presence  of  a  particular  object  in 
its  real  direction  and  position  with  respect  to  us, 
may  6e  recognised,  it  is  necessary  that  the  lights 
which  comes  from  it,  and  that  light  alone,  pro- 
duce its  impression  exclusively  on  some  parti- 
cular part  of  the  retina ;  it  being  evident  that  if 
the  light,  coming  from  any  other  object,  were 
allowed  to  act,  t<^ether  with  the  former,  on  the 
same  part,  the  two  actions  would  interfere  with 
one  another,  and  only  a  confused  impressioD 
would  result.  The  objects  in  a  room,  for  ex- 
ample, are  all  throwing  light  on  a  sheet  of  papor 
laid  on  the  floor ;  but  this  light,  being  spread 
equally  over  every  part  of  the  surface  of  the 
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paper,  famishes  no  means  of  distingui&ing  the 
sources  from  which  each  portion  of  the  light  has 
proceeded ;  or,  in  o^er  words,  of  recognising  the 
respecttTe  figures,  situations,  and  colours  of  the 
objects  themselves.  We  shall  now  proceed  to 
consider  the  modifications  to  be  introduced  into 
the  structure  of  the  organ,  in  order  to  attain 
these  objects. 


^  2.  Modes  of  accomplishing  the  Objects  of  Vision. 

Let  us  suppc»e  that  it  were  proposed  to  us  as 
a  problem  to  invent  an  apparatus,  by  which, 
availing  ourselves  of  the  known  properties  of 
light,  we  might  procure  the  concentration  of 
all  the  rays,  proceeding  from  the  respective 
points  of  the  object  to  be  viewed,  on  separate 
points  of  the  retina,  and  obtain  likewise  the  ex- 
clusion of  all  other  rays ;  and  also  to  contrive 
that  the  points  of  the  retina,  so  illuminated,  shall 
have  the  same  relative  situations  among  one 
another,  which  the  corresponding  points  of  the 
surrounding  objects  have  in  nature.  In  other 
words,  let  us  suppose  ourselves  called  upon  to 
devise  a  method  of  forming  on  the  retina  a 
iaithful  delineation,  in  miniature,  of  the  external 
scene. 
As  it  is  a  fundamental  law  in  optics  that  the 
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rays  of  Ught,  while  they  are  transmitted  through 
the  same  medium,  proceed  la  straight  lines,  the 
simplest  mode  of  accomplishing  the  proposed  end 
would  be  to  admit  into  the  eye,  and  convey  to 
each  particular  point  of  the  retina,  only  a  single 
ray  proceeding  directly  from  that  part  of  the  ob- 
ject which  is  to  be  depicted  on  it,  and  to  exclude 
all  other  rays.  For  carrying  this  design  into 
effect  we  have  the  choice  of  two  methods,  both 
of  which  we  find  resorted  to  by  nature  under 
different  circumstances. 

The  first  method  consists  in  providing  for 
each  of  these  single  rays  a  separate  tube,  with 
darkened  sides,  allowing  the  ray  which  traverses 
it,  and  no  other,  to  fall  on  its  respective  point  of 
the  retina,  which  is  to  be  applied  at  the  opposite 
end  of  the  tube.  The  most  convenient  fonn  to 
be  given  to  the  surface  of  the  retina,  which  is  to 
be  spread  out  to  receive  the 
rays  from  all  these  tubes, 
appears  to  be  that  of  a  con- 
vex hemisphere;  and  tlie 
most  eligible  distribution  of 
the  tubes  is  the  placing  them 
so  as  to  constitute  diverging 
radii,  perpendicular,  in 
every  part,  to  the  surlace  of 
the  retina.  This  arrange- 
ment will  be  understood  by 
reference  to  Fig.  406,  which  represents  a  section 


lyGOOgIC 


VISION.  -451 

of  the  whole  oi^n:  (t,t),  being  the  tubes  dis- 
posed in  radii  every  where  perpendicular  to  the 
convex  hemispherical  surface  of  the  retina  (r). 
Thus  will  an  image  be  formed,  composed  of  the 
direct  rays  from  each  respective  point  of  the 
objects,  to  which  the  tubes  are  directed ;  and 
these  points  of  the  image  will  have,  among  them- 
selves, the  same  relative  situation  as  the  external 
objects,  from  which  they  originally  proceeded, 
and  which  they  will  accordingly  faithfully  rci- 
present. 

The  second  method,  which  is  nearly  the  in- 
verse of  the  first,  consists  in  admitting  the  rays 
through  a  small  aperture  into  a  cavity,  on  the 
opposite  and  internal  side  of  which  the  retina  is 
expanded,  forming  a  concave,  instead  of  a  convex 


hemispherical  surface.  The  mode  in  which  this 
arrangement  is  calculated  to  answer  the  intended 
purpose  will  be  easily  understood  by  conceiv- 
ing a  chamber  (as  represented  in  Fig.  407),  into 
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which  no  light  is  albwed  to  enter,  except  what 
is  admitted  through  a  small  hole  in  a  Gutter, 
so  as  to  &U  on  the  opposite  side  of  the  room. 
It  is  evident  that  each  ray  will,  in  that  case, 
illnminate  a  different  part  of  the  wall,  and  that 
the  whole  external  scene  will  be  there  faith- 
fully represented;  for  the  several  illuminated 
points,  which  constitute  these  images,  preserve 
among  themselves  the  same  relative  situation 
which  the  objects  they  represent  do  in  nature, 
although  with  reference  to  the  actual  objects 
they  have  an  inverted  position.  This  inversion 
of  the  image  is  a  necessary  consequence  of  the 
crossing  of  all  the  rays  at  the  same  point; 
namely,  the  small  aperture  in  the  shutter, 
through  which  they  are  admitted. 

One  inconvenience  attending  the  limiting  of 
the  illumination  of  each  point  of  the  wall  to  that 
of  a  single  ray,  in  the  mode  last  pointed  out,  is 
that  the  image  produced  must  necessarily  be 
very  faint.  If,  with  a  view  of  remedying  this 
defect,  the  aperture  were  enlarged,  the  image 
would,  indeed,  bectune  brighter,  but  would 
at  the  same  time,  be  rendered  more  indistinct, 
from  the  intermixture  and  mutual  interference 
of  adjacent  rays;  for  all  the  lines  would  be 
spread  out,  the  outlines  shaded  off,  and  the  whole 
picture  confused. 

The  only  mode  by  which  distinctness  of  image 
can  be  obtained  with  increased  illumination,  is 
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to  collect  into  one  point  a  great  number  of  rays 
proceeding  from  the  corresponding  point  of  the 
object  to  be  represented.  Such  a  collection  of 
rays  proceeding  from  any  point,  is  termed,  in 
the  language  of  optics,  &  pencil  of  rays ;  and  the 
point  into  which  they  are  collected  is  called  a 
focus.  For  the  purpose  of  collecting  a  pencil  of 
rays  into  a  focus,  it  is  evident  that  all  of  them, 
except  the  one  which  proceeds  in  a  straight  line 
from  the  object  to  that  focus,  must  be  deflected, 
or  bent  from  their  rectilineal  course.  This  effect 
may  be  produced  by  refraction,  which  takes 
place  according  to  another  optical  law  ;  a  law 
of  which  the  following  is  the  exposition. 

It  is  only  when  the  medium  which  the  rays 
are  traversing  is  of  uniform  density  that  their 
course  is  constantly  rectilineal.  If  the  density 
change,  or  if  the  rays  pass  obliquely  from  one 
medium  into  another  of  a  different  density,  they 
are  refracted ;  each  ray  being  deflected  towards 
a  line  situated  in  the  medium  of  greatest  density, 
and  drawn  from  the  point  where  the  ray  meets 
the  new  medium,  perpendicular  to  the  refractii^ 
surface.  Thus  the  ray  r,  Fig.  408,  striking  ob- 
liquely on  the  surface  of  a  denser  medium,  at  the 
point  s,  instead  of  pursuing  its  original  course 
along  the  line  s  o,  is  refracted,  or  turned  in  the 
direction  s  t,  which  is  a  line  situated  between  s  o, 
and  3  p ;  this  latter  line  being  drawn  perpen- 
dicularly to  the  surface  of  the  medium,  at  the 
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point  s,  and  within  that  medium.      When  the 
ray  arrives  at  t,  and  meets  the  posterior  sur- 


face of  the  dense  medium,  passing  thence  into 
one  that  is  leas  dense,  it  is  again  refracted 
according  to  the  same  law ;  that  is,  it  inclines 
towards  the  perpendicular  line  t  i,  drawn  from 
T,  within  the  denser  medium,  and  describes  the 
new  course  t  u  instead  of  t  v.  The  amount 
of  the  deflection  corresponds  to  the  d^ree  of 
obliquity  of  the  ray  to  the  surface  which  re- 
fracts it;  and  is  mathematically  expressed,  by 
the  law,  that  the  sines  of  the  two  angles  formed 
with  the  perpendicular  by  the  incident  and  the 
refracted  rays  retain,  amidst  all  the  variaUons  of 
those  angles,  the  same  constant  proportion  to  one 
another.  We  may  hence  derive  a  simple  rule 
for  placing  the  plane  of  the  refracting  surface  so 
as  to  produce  the  particular  refraction  we  wi^ 
to  obtain.  When  a  ray  is  to  be  deflected  from 
its  original  course  to  a  particular  side,  we  have 
only  to  turn  the  surface  of  the  medium  in  such 
n  manner  as  that  the  perpendicular  line  to  Uiat 
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surface,  contained  within  tbe  denser  medium, 
shall  lie  still  farther  on  the  same  side.  Thus,  in 
Fig.  408,  if  we  wish  to  turn  the  ray  R  B,  from 
s  o  to  8  T,  we  must  place  the  dense  medium  so 
that  the  perpendicular  s  p,  which  is  within  it, 
shall  be  still  farther  from  s  o,  than  s  t  is  ;  that 
is,  shall  lie  on  the  other  side  of  st.  The  same 
rule  applies  to  the  contrary  refraction  of  the  ray 
s  T  from  TV  to  T  u,  when  it  passes  out  of  a  dense, 
into  a  rare  medium ;  for  the  perpendicular  t  i 
must  still  be  placed  on  the  same  side  of  t  v  as 
T  V  is  situated. 

Let  us  now  apply  these  principles  to  the  case 
before  us ;  that  is,  to  the  determination  of  the 
form  to  be  given  to  a  dense  medium,  in  order  to 
collect  a  pencil  of  rays,  proceeding  from  a  distant 


object,  accurately  to  a  focus.  We  shall  suppose 
the  object  in  question  to  be  very  remote,  bo  that 
the  rays  composing  the  pencil  may  be  consi- 
dered as  being  parallel  to  each  other;  for  at 
great  distances  their  actual  deviation  from 
strict  parallelism  is  wholly  insensible ;  and  let 
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A,  B,  c,  D,  E,  (Fig.  409),  represent  these  rays. 
There  must  evidently  be  one  of  these  rays  (c), 
and  only  one,  which, by-,continuing  its  rectilineal 
course,  would  arrive  at  the  point  (r)  intended  to 
be  the  focus  of  the  rays.  This  ray,  then,  may 
be  suffered  to  pass  on,  without  being  snbjected 
to  any  refraction ;  the  surface  of  the  medium 
should,  therefore,  be  presented  to  the  ray  (at  i) 
perpendicularly  to  its  course,  so  that  it  may  pass 
through  at  right  angles  to  that  surface.  Those 
rays  (b  and  d)  which  are  situated  very  near  to 
this  direct,  or  central  ray  (c),  wiU  require  but  a 
small  degree  of  refraction  in  order  to  reach  the 
focus  (r)  :  this  small  refraction  will  be  effected 
by  a  slight  degree  of  obliquity  in  the  medium  at 
the  points  (h  and  k)  where  those  rays  meet  it. 
In  proportion  as  the  rays  (such  as  those  at  a  and 
e)  are  more  distant  from  the  central  ray,  a 
greater  amount  of  refraction,  and  coiuiequently  a 
greater  obliquity  of  the  surfaces  (o  and  l)  will 
be  required,  in  ordet  to  bring  them  to  the  same 
focus. 

The  convergence  of  these  rays,  after  they  have 
passed  this  first  surface,  may  be  further  increased 
by  interposing  new  surfaces  of  other  media  at 
the  proper  angles.  If  the  new  medium  be  still 
denser  than  the  last,  the  inclination  of  its  sur- 
face must  be  similar  to  that  already  described ; 
if  rarer,  they  must  be  in  an  opposite  direction. 
This  last  case  is  illustrated  in  the  figure,  where 
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H,  V,  o,  p,  Q,  represent  the  iDclinatioi::^  of  the 
surfaces  of  a  rarer  medium,  CEilculated  to  in- 
creaee  the  convergence  of  the  rays,  that  is  to 
bring  them  to  a  nearer  focus  (f).  The  result 
of  the  continued  change  of  direction  in  the 
refracting  surface,  is  a  regular  currilineal  sur- 
face, which,  in  the  present  case,  approaches  very 
nearly  to  that  of  a  sphere.  Hence  by  giving 
these  refractive  media  spherical  surfaces,  we 
adapt  them,  with  tolerable  exactness,  to  produce 
the  convergence  of  parallel  rays  to  a  focus,  and 
by  making  the  denser  medium  convex  on  both 
sides  (as  shown  in  Fig.  410),  both  surfaces  will 


conspire  in  producing  the  desired  effects.  Such 
an  instrument  is  termed  a  double  convex  lens; 
and  it  has  the  pro];>erty  of  collecting  into  a  focus 
rays  proceeding  from  distant  points.* 

Having  obtained  this  instrument,  we  may  now 

*  The  refraction  by  spherical  sutfaces  does  not,  strictly  speak- 
ing, unite  a  pencil  of  parallel  or  divergent  rays  into  a  mathe- 
matical point,  or  focuB;  for  in  reality  the  rays  which  are  near 
tbs  central  line  are  made  to  converge  to  a  point  a  little  more 


(■■.vGooqIc 


458  THE  SENSORIAL  FUNCTIONS. 

venture  to  enlarge  the  aperture  through  which 
the  light  was  admitted  into  our  dark,  chamber, 
and  fit  into  the  aperture  a  double  convex  lens. 
We  have  thus  constructed  the  well  known  op- 
tical instrument  called  the  Camera  Obseura,  in 
which  the  images  of  external  objects  are  formed 
upon  a  white  surface  of  paper,  or  a  semi-trans- 
parent plate  of  glass;  and  these  imc^es  must 
evidently  be  in  an  inverted  position  with  re- 
spect to  the  actual  objects  which  they  re- 
present. 

Such  is  precisely  the  construction  of  the  eye, 
which  is,  to  all  intents,  a  camera  obscura:  for 
in  both  these  instruments,  the  objects,  the  prin- 

diatant  than  that  to  which  the  remoter  rays  converge :  an  effect 
which  I  have  endeavoured  to  illustrate  by  the  diEtgrant  Fig.41 1 ; 
where,  in  order  to  reuder  it  obvious  to  the  eye,  the  disparity 
i(  much  exaggerated.     But  on  ordinary  occasions,  where  g;reat 


uicety  is  not  required,  this  difference  in  the  degree  of  convergence 
between  the  central  niys  and  those  near  the  circumrereoce  of  the 
lens,  giving  rise  to  what  is  termed  the  Aberration  of  Sphericity, 
is  too  small  to  attract  notice. 
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ciples  of  construction,  and  the  mode  of  operation 
are  exactly  the  same;  and  the  only  difference 
is,  that  the  former  is  an  infinitely  more  perfect 
instrument  than  the  latter  can  ever  be  rendered 
by  the  utmost  efforts  of  human  art. 

With  a  view  of  simpUrying  the  subject,  I  hava  assumed,  id 
the  account  g;iven  in  the  text,  that  the  rays  which  arrive  at  the 
eye  are  paraUel,  whicli  in  mathematical  strictness  they  never 
are.   The  focus  of  the  rays  refracted  by  a  convex  lens  is  mors 


remote  in  proportion  as  the  rays  are  more  divergent,  or,  in  otba 
words,  proceed  from  nearer  objects.  This  is  illustrated  by 
Figures  412,  413,  and  414 ;  to  which  I  shall  again  have  occa- 
sion to  refer  in  the  sequel. 
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§  3.  Structure  of  the  Eye. 

One  of  the  many  points  of  superiority  which  the 
eye  possesses  over  the  ordinary  camera  obscura 
is  derived  from  its  spherical  shape,  adaptii^  the 
retina  to  receive  every  portion  of  the  images 
produced  by  refraction,  which  are  themselves 
curved :  whereas  had  they  been  received  on  a 
plane  surface,  as  they  usually  are  in  the  camera 
obscura,  a  considerable  portion  of  the  image 
would  have  been  indistinct.  This  spherical  form 
is  preserved  by  means  of  the  firm  membranee 
which  protect  the  eye,  and  which  are  termed 
its  Coats;  and  the  transparent  media  which 
they  enclose,  and  which  effect  the  convergence 
of  the  rays,  are  termed  the  Humours  of  the  ^e. 
There  are  in  this  organ  three  principal  coats,  and 
three  humours,  composing  altogether  what  is 
called  the  Ghhe  of  the  Ei/e.  Fig.  416,  which 
gives  an  enlai^ed  view  of  a  horizontal  section 
of  the  right  eye,  exhibits  distinctly  all  these 
parts. 

The  outermost  coat  (s),  which  is  termed  the 
Sclerotica,  is  exceedii^ly  firm  and  dense,  and 
gives  to  the  globe  of  the  eye  the  mechanical  sup- 
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port  it  requires  for  the  performance  of  its  ddi- 
cate  functions.  It  is  perforated  behind  by  the 
optic  nerve  (o),  which  passes  onwards  to  be  ex* 
panded  into  the  retina  (r).  The  sclerotica  does 
not  extend  farther  than  about  four-fifths  of  the 
globe  of  the  eye ;  its  place  in  front  being  sup- 
plied by  a  transparent  convex  membrane  (c), 


called  the  Cornea,  which  is  more  prominent  than 
the  rest  of  the  eye-ball.  A  line  passing  through 
the  centre  of  the  cornea  and  the  centre  of  the 
globe  of  the  eye  is  called  the  axis  of  the  eye. 
The  Sclerotica  is  lined  internally  )yy  the  Choroid 
coat  (x),  which  is  chiefly  made  up  of  a  tissue  of 
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blood  TesselB,  for  supplying  nonriBhment  to  the 
eye.  It  has  on  its  inner  surface  a  layer  of  a  daik. 
coloured  viscid  secretion,  known  by  the  name  of 
the  Pigmattum  nignait,  or  black  p^ment.  Its 
use  is  to  absorb  all  the  light  which  may  happ^ 
to  be  irr^vlarly  scattered  through  the  eye,  in 
consequence  of  reflection  from  different  quarters ; 
and  it  serves,  therefore,  the  same  purpose  as  the 
black  paint  with  which  the  inside  of  optical  in- 
struments, such  as  telescopes,  microscopes,  and 
camene  obscurse,  is  darkoied.  Within  the  pig- 
mentum  nigrum,  and  almost  in  immediate  con- 
tact with  it*,  the  Retina  (r)  is  expanded,  form- 
ing an  exceedingly  thin  and  delicate  layer  of 
nervous  matter,  supported  by  a  fine  membrane. 

More  than  three-fourths  of  the  globe  of  the 
eye  are  filled  with  the  vitreous  hummtr  (v),  which 
has  the  appearance  of  a  pellucid  and  elastic 
jelly,  contained  in  an  exceedingly  delicate  tex- 
ture of  cellular  substance.  The  Crystalline 
kumtmr,  (l)  which  has  the  shape  of  a  double 
convex  lens,  is  formed  of  a  denser  material  than 
any  of  the  other  humom^,  and  occupies  the  fore- 
part of  the  globe  ci  the  eye,  immediatdy  in  front 
of  the  vitreous  humour,  which  is  there  hollowed 
to  receive  it.    The  space  which  intervenes  be- 

*  Between  the  pigmeDtum  and  the  letioa  there  ia  found  a  vary 
fine  membrane,  discovered  by  Di.  Jacobson :  its  use  has  not 
been  ascertained. 
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tween  the  lens  and  the  cornea  is  filled  with  a 
watery  secretion  (a),  called  the  Aqueous  humour. 
This  space  is  divided  into  an  anterior  and  a  pos- 
terior chamber  by  a  flat  circtdar  partition  (i), 
tenned  the  Iris. 

The  iris  has  a  central  perforation  (p),  called 
the  Pupil,  and  it  is  fixed  to  the  edge  of  the  cho- 
roid coat,  by  a  white  elastic  ring  (q),  called  the 
CUiary  Ligament.  The  posterior  surface  of  the 
iris  is  called  the  Uvea,  and  is  lined  with  a  dark 
brown  pigment.  The  structure  of  the  iris  is  very 
peculiar,  being  composed  of  two  layers  of  con- 
tractile fibres;  the  one,  forming  concentric  cir- 
cles ;  the  other,  disposed  like  radii  between  the 
outer  and  inner  margin.*  When  the  former  act, 
the  pupil  is  contracted  ;  when  the  latter  act,  the 
breadth  of  the  iris  is  diminished,  and  the  pupil 
is,  of  course,  dilated.  By  varying  the  size  of  the 
pupil  the  quantity  of  light  admitted  into  the 
interior  of  the  eye  is  regulated,  and  accommo- 
dated to  the  sensibility  of  the  retina.  When  the 
intensity  of  the  light  would  be  injurious  to  that 
h^hly  delicate  oi^an,  the  pupil  is  instantly  con- 
tracted, so  as  to  exclude  the  greater  portion ; 
and,  on  the  contrary,  when  the  light  is  too 
feeble,  it  is  dilated,  in  order  to  admit  as  large  a 
quantity  as  possible.    The  iris  also  serves  to  in- 

•  SeeFig.47.TOl.  i,  p.  136. 
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tercept  such  rays  as  would  have  fallen  on  pftHs 
of  the  crystalline  lens  less  fitted  to  produce  their 
regular  refraction,  the  object  of  which  will  be 
better  understood  when  we  have  examined  the 
functions  of  this  latter  part.  But,  before  engag- 
ing in  this  inquiry,  it  will  be  proper  to  complete 
this  sketch  of  the  Anatomy  of  the  Eye  by 
describing  the  principal  parts  of  the  apparatus 
belonging  to  that  oi^;an,  which  are  exterior  to 
the  eye-ball,  and  may  be  considered  as  its  ap- 


The  purposes  answered  by  the  parts  exterior 
to  the  eye-ball  are  chiefly  those  of  motion,  of 
lubrication,  and  of  protection. 

As  it  is  tbe  central  part  of  the  retina  which  is 
endowed  with  the  greatest  share  of  sensibility, 
it  is  necessary  that  the  images  of  the  objects  to 
be  viewed  should  be  made  to  fall  on  this  part; 
and  consequently  that  the  eye  should  be  capa- 
ble of  having  its  axis  instandy  directed  to  those 
objects,  wherever  they  may  be  situated.     Hence 
muscles  are  provided  within  the  orbits,  for  effect- 
ing the    motions  of  the 
eye-ball.    A  view  of  these 
muscles,  with  their  attach- 
ments to  the  ball  of  the 
eye,  but  separated  from 
the  other  parts,  is  given 
in  Fig.  416.  Four  of  these 
proceed  in  a  straight  course  from  the  bottom  of 
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tlie  orbit,  arising  from  the  margin  of  the  aperlure 
through  which  the  optic  nerve  passes,  and  being 
inserted  by  a  broad  tendinous  expansion  into  the 
fore-part  of  the  sclerotic  coat.  Three  of  these 
are  marked  a,  b,  and  c  in  the  figure :  and  the 
edge  of  the  fourth  b  seen  behind  and  above  b. 
These  straight  muscles,  as  they  are  called,  sur- 
round the  optic  nerve  and  the  eye-ball,  forming 
four  longitudinal  bands;  one  (a)  being  situated 
above  for  the  purpose  of  tumihg  the  eye  up- 
wards ;  a  second  (c),  situated  below',  for  turning 
it  downwards ;  and  the  two  others,  on  either  side, 
for  performiiig  its  lateral  moti<ais  to  the  right  or 
left.  The  cavity  of  the  orbits  being  considerably 
larger  than  the  eye-ball,  the  intervening  space, 
especially  at  the  back  part,  is  filled  up  by 
fat,  which  serves  as  a  soft  cushion  for  its  pro- 
tection, and  for  enabling  it  to  rdl  freely  in  all 
directions. 

Besides  these  straight  muscles,  there  are  also 
two  others  (s  and  i)  termed  the  oblique  muscles, 
which  give  the  eye-ball  a  certain  degree  of  rota- 
tion on  its  axis.  When  these  act  in  conjunction, 
they  draw  the  eye  forwards,  and  serve  as  anta- 
gonists to  the  combined  power  of  the  straight 
muscles.  The  upper  oblique  muscle  (s)  is  re- 
markable for  the  artificial  manner  in  which  its 
tendon  passes  through  a  cartilaginous  pulley  (p) 
in  the  mai^  of  the  orbit,  and  then  turns  back 
again  to  be  inserted  into  the  eye-ball«  so  that  the 
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effect  produced  by  the  action  of  the  muscle  is  a 
motion  in  a  direction  exactly  the  reverse  of  that 
in  which  its  fibres  contract.  This  mechanism, 
umj^e  as  it  is,  affords  one  of  the  most  palpable 
instances  that  can  be  adduced  of  expresaNron- 
trivance ;  for  in  no  other  situation  could  the  muscle 
hare  been  so  conveniently  lodged  as  within  the 
eye-ball ;  and  in  do  other  way  could  its  tendon 
have  been  made  to  pull  in  a  direction  contraTy  to 
that  of  the  muscle,  than  by  the  interposition  of  a 
pulley,  turning  the  tendon  completely  round. 

The  fore-part  of  the  globe  of  the  eye,  which  is 
of  a  white  coloar,  is  connected  with  the  sur- 
rounding integuments  by  a  membrane,  termed 
the  Conjunctiva.*  This  membrane,  on  arriving 
at  the  base  of  the  eye-lids,  is  folded  forwards  so 
as  to  line  their  inner  surfaces,  and  to  be  con- 
tinuous with  the  skin  which  covers  their  outer 
sides.  The  surfaces  of  the  conjunctiva  and  of 
the  cornea  are  kept  constantly  moist  by  the 
tears,  which  are  as  constantly  secreted  by  the 
Lacrymal  glands.  Each  gland,  (as  shown  at 
L,  Fig  417,)  is  situated  above  the  eye,  in  a  h<d- 


•  An  abundant  supply  of  nervei  has  been  bestowed  on  this 
membrane  for  the  purpose  of  conferring  upon  it  that  exqvi^te 
degree  of  sensibility  which  was  neceaaary  U>  give  imir.ediate  wuii- 
ing  of  the  slightest  danger  to  %o  important  an  organ  as  the  eye 
from  the  intrusion  of  foreign  bodies.  That  this  is  the  intention 
it  apparent  from  the  fact  that  the  internal  parts  of  the  eye 
(KWteu  but  little  sensibility  compared  w'vh  the  external  suifacs. , 
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low  of  the  orbit,  and  the  ducts  (d)  proceedibg 
from  it  open  upon  the  inner  side  of  the  upper 
eye-Ud  (e).  This  fluid,  the  usee  of  which  are 
obviously  to  wash  away  dust,  or  other  irritating 
substances  which  may  happen  to  get  introduced, 
is  distributed  over  the  outer  surface  of  the  ^e 
by  means  of  the  eye-lids.     Each  lid  is  sup' 


ported  by  an  elastic  plate  of  cartit^e,  shaped 
like  a  crescent,  and  covered  by  integuments. 
An  orbicular  muscle,  the  fibres  of  which  run  in 
a  circular  direction,  immediately  underneath  the 
skin,  all  round  the  eye*,  is  provided  for  closing 
tbem.  The  upper  eye-lid  is  raised  by  a  separate 
muscle,  contained  within  the  orbit,  immediately 
above  the  upper  straight  muscle  of  the  eye-baU. 


'  See  F^.  46,  vol.  i,  p.  13< 
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The  eye-lashes  are  curved  in  opposite  directions, 
so  as  not  to  interfere  with  each  other  when  the 
eye-lids  are  closed.  Their  utility  in  guarding 
the  eye  against  the  entrance  of  various  sub- 
stances, such  as  hairs,  dust,  ct  peisptration,  and 
also  in  shading  the  eye  from  too  strong  im- 
pressions of  light,  is  sufficiently  apparent.  The 
eye-lids,  in  closing,  meet  first  at  the  outer 
comer  of  the  eye ;  and  their  junction  proceeds 
along  the  line  of  their  edges,  towards  the  inner 
angles,  till  the  contact  is  complete :  by  this 
means  the  tears  are  carried  onwards  in  that 
direction  and  accumulated  at  the  inner  corner 
of  the  eye,  an  effect  which  is  promoted  by  the 
bevelling  of  the  margins  of  the  eye-lids,  which, 
when  they  meet,  form  a  channel  for  the  fluid  to 
pass  in  that  manner.  When  they  arrive  at  the 
inner  comer  of  the  eye,  the  tears  are  conveyed 
away  by  two  slender  ducts,  the  orifices  of  which, 
called  the  puncta  lacrymalia  (p,  p),  are  seen  at 
the  inner  cnner  of  each  eye-lid,  and  are  sepa- 
rated by  a  round  projecting  body  (c),  connected 
with  a  fold  of  the  conjunctiva,  and  termed  the 
lactymal  caruncle:  The  two  ducts  soon  unite  to 
form  one  passage,  which  opens  into  a  sac  (s\ 
situated  at  the  upper  part  of  the  sides  of  the 
nose,  and  terminating  below  (at  n)  in  the  cavity 
of  the  nostrils,  into  which  the  tears  are  ulti- 
mately conducted.  When  the  secretion  of  the 
teara  is  too  abundant  to  be  carried  off  by  this 
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channel,  they  overflow  upon  the  cheeks;  bat 
when  the  quantity  is  not  excessive,  the  ten- 
dency to  flow  over  the  eye-lid  is  checked  by  an 
oily  secretion  proceeding  from  a  row  of  minute 
glands,  situated  at  the  edge  of  the  eye-lids,  and 
termed  the  Meibomian  glands. 

The  eye-browB  are  a  further  protection  to  the 
eyes,  the  direction  of  the  hairs  being  such  as 
to  turn  away  from  them  any  drops  of  rain  or 
of  perspiration  which  may  chance  to  fall  from 
above. 

Excepting  in  front,  where  the  eyes  are  covered 
and  protected  by  the  eye-lids,  these  important 
oigans  are  on  all  sides  efiectually  guarded  from 
injury  by  being  contained  in  a  hollow  bony 
socket,  termed  the  orbit,  and  composed  of  seven 
portions  of  bone.  These  seven  elements  may  be 
recognised  in  the  skulls  of  all  the  mammalia, 
and  perhaps,  also  in  those  of  all  other  verte- 
brated  animals,  aflbrding  a  remarkable  illustra- 
tion of  the  unity  of  the  plans  of  nature  in  the 
construction  of  the  animal  fabric. 


§  4.  Physiology  o/perfect  Vision. 

The  rays  of  light,  proceeding  from  a  distant 
object,  strike  upon  the  convex  surface  of  the 
cornea,  which  being  of  greater  density  than  the 
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air,  refracts  them,  and  makes  them  converge  to- 
wards a  distant  focus.  This  effect,  however,  is 
in  part  counteracted  on  their  emergence  from 
the  concave  posterior  sur&ce  of  the  cornea, 
when  the  rays  enter  into  the  aqueous  humour. 
On  the  whole,  however,  they  are  refracted,  and 
made  to  converge  to  a  degree  equal  to  that 
which  they  would  have  undergone  if  they  had 
at  once  impinged  against  the  convex  surface  of 
the  aqueous  humour,  supposing  the  cornea  not  to 
have  heen  interposed. 

A  considerable  portion  of  the  light  which  has 
thus  entered  the  aqueous  humour  is  arrested  in 
its  course  by  the  iris ;  so  that  it  is  only  those 
rays  which  are  admitted  through  the  pupil  that 
are  subservient  to  vision.  These  next  arrive  at 
the  crystalline  lens,  where  they  undeigo  two  re- 
fractions, the  one  at  the  anterior,  the  other  at 
the  posterior  surface  of  that  body.  Both  these 
Burfaces  being  convex  outwardly,  and  the  lens 
being  a  d^iser  substance  than  either  the  aqne~ 
ous  oi;the  vitreous  humours,  the  effect  of  both 
these  refractions  is  to  increase  the  convergence 
of  the  rays,  and  to  bring  them  to  unite  in  a  focus 
on  the  retina  at  the  bottom  of  the  eye.  The 
most  considerable  of  these  refractions  is  the 
first ;  because  the  difference  of  density  between 
the  air  and  the  cornea,  or  rather  the  aqueous 
faumour^  is  greater  than  that  of  any  of  the  hu- 
mours of  the  eye  compared  with  one  another^ 
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The  accurate  convei^;eDce  of  all  the  rays  of 
light,  which  enter  through  the  pupil,  to  their 
respective  foci  on  the  retina,  is  necessary  for  the 
perfection  of  the  images  there  formed ;  but  for 
the  complete  attainment  of  this  end  various  nice 
adjustments  are  still  requisite. 

In  the  first  place,  the  Aberration  of  Sphericity*, 
which  is  a  consequence  of  the  geometrical  lav 
of  refraction,  introduces  a  d^ree  of  confusion  in 
theimage ;  which  is  scarcely  perceptible,  indeed, 
on  a  small  scale,  but  which  becomes  sensible  in 
instruments  of  much  power ;  being  one  of  the 
greatest  di£Bculties  which  the  optician  has  to 
overcome  in  the  construction  of  t^e  telescope  and 
the  microscope.  Nature,  in  framing  the  humaq 
eye,  has  solved  this  difficulty  by  the  simplest, 
yet  most  effectual  means,  and  in  a  manner  quite 
inimitable  by  human  art.  She  has  in  the  first 
place  givffli  to  the  aur&ces  of  the  crystalline 
lens,  instead  of  the  spherical  form,  curvatures 
more  or  less  hyperbolical  or  elliptical ;  and  has, 
in  the  next  place,  constructed  the  lens  of  an 
infinite  number  of  concentric  layers,  which  in- 
crease in  their  density,  as  they  succeed  one  ano- 
ther from  the  surface  to  the  centre.  The  refract- 
ing power)  being  proportional  to  the  density,  is 
thus  greatest  at  the  centre,  and  diminishes  as  we 
recede  from  that  centre.     This  adcoirable  ad- 

*  See  Fig.  411,  and  the  noU  referriDg  to  it,  p.  427. 
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justment  exactly  corrects  the  deficiency  of  re- 
fraction, which  always  takes  place  in  the  centra! 
portions  of  a  lens  composed  of  a  material  of 
uniform  denuty,  as  compared  with  the  refraction 
of  the  parts  more  remote  from  the  centre.* 

The  second  adjustment  for  perfect  vision  has 
reference  to  the  variations  in  the  distance  of 
the  focus  which  take  place  according  as  the 
rays  arriTe  at  the  eye  .from  objects  at  different 
distances,  imd  which  may  be  called  the  Aberra- 
tions of  Parallax.  When  the  distance  of  the 
object  is  very  great,  the  rays  proceeding  from 
each  point  arrive  at  the  eye  with  so  little 
dive^ence,  that,  each  pencil  may  be  considered 
as  cunposed  of  rays  which  are  .parallel  to  each 
other;  tjie  actual  deviation  from  paralielism 
being  quite  insensible.  But'  if  the  same  object 
be  brought  nearer  >  to  the  eye,  the  divergence  oS 
the  rays  becomes  moro  p«x;cptible ;  and  the 
effect  of  the  same  degree  of  refraction  is  to 
collect  them  into  a  focus  more  remote  than 
before.!    ^o'  every  distance  of  the  object  thoe 


*  Sir  Ditvid  Brewster  has  ucertaioed  that  the  variatkMis  of 
denaity  producing  the  doubly  refractiog  etnicture,  in  the  crj*- 
talline  lens  of  6ahea,  are  related,  not  to  the  centre  of  the  leas, 
but  to  the  diameter  which  formB  the  axis  of  vision :  an  arrange- 
ment peculiarly  adapted  for  correcting  the  spherical  aberrations. 
Phiios.  Trana.  Tor  1816,  p.  317. 

t  This  ia  illustrated  by  Fig.  412,  413,  and  414;  the  first  of 
which  shows  the  rapid  convergence  of  rays  proceading  fnxn  a 
very  distant  object,  aiid  wltich  may  be  considered  as  panilel. 
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is  a  correspfrndiag  focal  distance ;  and  when  the 
eye  is .  in  a  state  adapted  for  distinct  Tision  at 
one  distance,  it  will  have  confused  images  of 
objects  at  another  distance;  because  the  exact 
foci  of  the  rays  will  be  siUiated  either  befcne  or 
behind  the  retina.  It  is  evident  that  if  the 
retina  be  not  placed  exactly  at  the  point  where 
the  focus  is  situated,  it  will  either  intercept  the 
pencil  of  rays  before  they  are  united  into  a.point, 
or  receive  them  after  they  have  'crossed  one 
another  in  passing  through  the.  focus :  in  either 
of  which  cases,  each  pencil  will  throw  upon  Uie 
retina  a  small  circle  of  light,  brighter-  at  the 
*Biiddie  and  fainter  at  the  edges,  which  will  mix 
itself  with  the  adjacent  pencils,  andcre^te  con- 
fusion in  the  image. 

.  It  is  found,  however;  that  the  eye  has  a  power 
of  accommodating  itself  to  the  distinct  vision  of 
<^ects  at  a  great  variety  of  distances,  according 
as  the  attention  of  the  mind  is  directed  to  the 
particular  object  to  be  viewed.  The  mode  in 
which  this  change  in  the  state  of  the  eye  is 
effected  has  been  the  subject  of  much  c<Mitro- 
versy.  The  increase  of  the  refracting  power  of 
the  eye  necessary  to  adapt  it  to  the  visioii  of  near 
objects  is  evidently  the  result  of  a  muscular 
effort,  of  which  we  are  distinctly'  conscious  when 

The  second  shows  that  divergent  rays  unite  at  a  more  distant 
focus ;  and  the  third,  that  the  focus  is  more  distant  the  greater 
the  divergence. 
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we  accurately  attend  to  the  accompan^ring  sea- 
sations.  The  researches  of  Dr.  Young  have  ren- 
dered it  probable  that  aome  change  takes  place 
in  the  figure  of  the  lens  whereby  its  convexity, 
and  perhaps  also  its  distance  from  the  retina,  are 
increased.  He  has  shown  by  a  very  decisive 
experiment,  that  any  change  which  may  take 
place  in  the  convexity  o£  the  cornea  has  but 
little  share  in  the  production  of  the  effect ;  for 
the  eye  retains  its  power  of  adaptation  when  im- 
mersed in  water,  in  which  the  form  of  the  cornea 
can  in  no  respect  influence  the  refraction. 

But  the  rays  of  li^t  are  of  different  kinds ; 
B(Hne  exciting  the  sensation  of  red,  others  of 
yellow,  and  others  Bg&in  of  blue ;  and  these 
different  species  of  light  are  refracted,  under 
similar  circumstances,  in  different  degrees. 
Hence  the  more  refrangible  rays,  that  is  the 
violet  and  the  blue,  are  brought  to  a  nearer 
focus,  than  those  which  are  less  refrangible,  that 
is  the  orange  and  the  red  ra^s:  and  this  want 
of  coincidence  in  the- points  of  couveigence  of 
these  different  rays,  (all  of  which  enter  into  the 
composition  of  white  light),  necessarily  impairs 
the  distinctness  of  all  the  images  produced  by 
refraction,  shading  off*  their  outlines  with  various 
colours,  even  when  the  object  itself  is  colourless. 
This  defect,  which  is  incident  to  the  power  of  a 
»mp1e  lens,  and  which  is  termed  the  Chromatic 
Aberration,  is  remedied  almost  perfectly  in  the 
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eye,  by  the  nice  adjustment  of  the  powers  of  the 
different  refracting  media,  which  the  rays  of 
light  have  to  traverse  before  they  arrive  at  the 
retina,  producing  what  is  called  an  achromatic 
combination*;  and  it  is  found  that  the  eye, 
though  not  an  absolutely  achromatic  instrument,  • 
as  was  asserted  by  Eulerfr  is  yet  sufficiently  so 
for  all  the  ordinary  practical  purposes  of  life. 

The  object,  then,  of  the  whole  apparatus  ap- 
pended to  the  optic  nerve,  is  to  form  inverted 
images  of  external  objects  on  the  retina,  which, 
as  we  have  seen,  is  the  expanded  extremity  of 
that  nerve.  That  this  effect  is  actually  pro- 
duced, may  be  easily  shown  by  direct  obser- 
vation;  for  if  the  sclerotic  and  choroid  coats  be 
carefully  dissected  off  from  the  posterior  part  of 
the  eye  of  an  ox,  or  any  other  lai^e  quadruped, 
leaving  only  the  retina,  and  the  eye  so  prepared 
be  placed  in  a  hole  in  a  window-shutter,  in  a 
darkened  room,  with  the  cornea  on  the  outside, 
all  the  illuminated  objects  of  the  external  scene 
will  be  beautifully  depicted,  in  an  invited  posi- 
tion, on  the  retina. 

Few  spectacles  are  more  calculated  to  raise 
our  admiration  than  this  delicate  picture,  which 

*  For  the  exposition  of  the  principle!  on  which  these  achro- 
matic oombinations  of  lenses  correct  this  source  of  abcTration,  I 
must  refer  to  works  which  treat  professedly  on  Optics. 

t  ^or  the  rectification  of  this  error  we  are  indebted  to  Dr. 
Tonng. 


igti/cdayGoOgIC 


476  THE  SENSORIAL  FUNCTIONS. 

nature  has,  with  such  exquisite  art,  and  with  the 
finest  touches  of  her  pencil,  spread  over  the 
smooth  caavass  of  this  subtle  nerve ;  a  picture, 
which,  though  scarcely  occupying  a  space  of 
half  an  inch  in  diameter,  contains  the  deline- 
•  ation  of  a  boundless  scene  of  earth  and  sky,  foil 
of  all  kinds  of.objects,  some  at.  rest,  and  others 
in  motion,  yet  all  accurately  represented  as  to 
their  forms,  colours  and  positions,  and  followed 
in  all  their  changes,  without  the  least  inter- 
ference, irregularity,  or  confasion.  Every  <me 
of  those  countless  and  stupendous  orbs  of  fire, 
whose  light,  after  traversing  immeasurable  re- 
gions of  space,  at  length  reaches  our  eye,  is  col- 
lected  on  its  narrow  curtain  into  a  luminous  focus 
of  inconceivable  minuteness;  and  yet  this  al- 
most infinitesimal  point  shall  be  sufficient  to 
convey  to  the  mind,  through  the  medium  of  the 
optic  nerve  and  brain,  a  knowledge  of  the  exist- 
ence and  position  of  the  far  distant  luminary, 
from  which  that  light  has  emanated.  How  infi- 
nitely siupassing  all  the  limits  of  our  conception 
must  be  the  intell^ence,  and  the  power  of  that 
Being,  who  planned  and  executed  an  instrament 
comprising,  within  such  limited  dimensions,  such 
vast  powers  as  the  eye,  of  which  the  perceptions 
comprehend  alike  the  nearest  and  most  distant 
objects,  and  take  cognizance  at  once  of  the  most 
minute  portions  of  matter,  and  of  bodies  of  the 
largest  magnitude! 
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§  6.  Comparative  Physiology  of  Vision. 

In  the  formation  of  erery  part  of  the  animal 
machinery  we  may  generally  discern  the  predo- 
minance of  the  law.  of  gradation ;  but  this  law 
is  more  especially  observed  in  ^thoee  oi^ans 
which  exhibit,  in  their  most  perfect  state,  the 
greatest  complication  and  refinement  of  struc- 
ture ;  for  on  following  all  their  varieties  in  the 
ascending  series,  we  always  find  them  advancing 
foy  slow  gradations  of  improvement,  before  they 
attain  their  highest  degree  of  excellence.  Thus 
the  oi^an  of  vision  presents,  amidst  an  infinite 
variety  of  constructions,  successive  degrees  of 
refinement,  accompanied  by  corresponding  ex- 
tensions of  power.  So  gradual  is  the  progress  of 
diis  developement,  that  it  is  not  easy  to  determine  * 
the  point  where  the  &culty  of  vision,  properly  so 
called,  begins  to  be  exercised,  or  where  the  first 
rudiment  of  its  organ  begins  to  appear. 

Indications  of  a  certain  degree  of  sensibility  to 
light  are  afforded  by  many  of  the  lower  tribes  of 
Zoophytes,  while  no  visible  organ  appropriated 
to  receive  its  impressions  can  be  traced.  This  is 
the  case  with  many  microscopic  animalcules ; 
and  still  more  remarkably  with  the  Hydra,  and 
the  Actinia,  which  show  by  their  movements  that 
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^ey  feel  the  iDfiiuence  of  this  agent ;  for,  whea 
confined  in  a  vessel,  they  always  place  them- 
aelves,  by  preference,  on  the  side  where  there  is 
the  strongest  light.*  The  Veretiiiumcynomorivm, 
on  the  other  hand,  seeks  the  darkest  places,  and 
contracts  itself  the  moment  it  is  exposed  to 
light.t  In  a  perfectly  calm  sea,  the  Medtute 
which  are  rising  towards  the  surface,  are  seen  to 
change  their  course,  and  to  descend  again,  as 
soon  as  they  reach  those  parts  of  the  water  which 
receive  the  full  influence  of  the  sun's  rays,  and 
before  any  part  of  their  bodies  has  come  into 
contact  with  the  atmosphere.^  But,  in  all  these 
instances  a  doubt  mAy  arise  whether  the  ob- 
aarred  actions  may  not  be  prompted  by  the  mene 
sensation  of  warmth  excited  by  calorific  rays 
which  accompany  those  of  light ;  in  which  case 
they  would  be  evidence  only  of  the  operation  of 
a  finer  kind  of  touch. 

The  first  unequivocal  appearance  of  visual 
organs  is  met  with  in  the  class  of  Annelida ; 
although  the  researches  of  Ehrenbei^  would 
induce  us  to  believe  that  they  may  be  traced 
among  animals  yet  lower  in  the  scale;  for 
he  has  noticed  them  in  several  of  the  more 
highly  organized   Infusoria,   belonging   to   the 

*  Such  IB  the  uniform  report  of  Trembley,  Baker,  Boanat, 
Goeze,  Hanow,  RcbbcI,  and  Scheeffer. 

t  Rapp  ;  Not.  Act.  Acad.  Nat.  Cur.  of  Bonn,  ziv,  645. 
t  Grant ;  Edin.  Journal  of  Science  :  No.  20. 
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order  Rotifera,  and  particularly  in  the  Hydatina 
senta,  where  he  has  found  the  small  blade  points, 
olyerrable  in  other  species,  united  into  a  single 
spot  of  larger  size.  Nitscfa,  also,  states  that  the 
Cercaria  viridis,  possesses  three  organs  of  this 
kind.  Planaria  present  two  or  three  spots, 
which  have  been  regarded  as  visual  organs  ;  and 
these  have  been  found  by  Baer  to  be  composed, 
in  the  Planaria  torva,  of  clusters  of  black  grains, 
situated  underneath  the  white  or  transparent  in- 
tegument.* The  eyes  of  the  Nais  proboscidea  are 
cMnposed,  accordit^  to  Gruithuis^i,  simply  of  a 
small  mass  of  black  pigment,  attached  to  the 
extremity  of  the  optic  nerval ;  and  organs  ap- 
parently similar  to  these  are  met  with  in  many 
of  the  inferior  tribes  of  Annelida.  In  all  these 
cases  it  is  a  matter  of  considerable  doubt  whe- 
ther the  visual  organs  are  constructed  with  any 
other  intention  than  merely  to  convey  general 
sensations  of  light,  without  exciting  distinct  per^ 
ceptions  of  the  objects  themselves  from  which 
the  light  proceeds ;  this  latter  purpose  requiring, 
as  we  have  seen,  a  special  optical  apparatus  of 
some  degree  of  complexity.  An  approach  to 
the  formation  of  a  crystalline  lens  takes  place  in 

*  Nov.  Act.  Acad.  Nat.  Cur.  of  Bodd.  xiii,  712.  See  also 
the  Memoir  or  Dug^s,  entitled  "  Rechercfaes  nir  I'OrgaiiisatioD 
et  les  M<eun  des  Plan&iTei,"  in  the  Annalei  dei  Sc.  Nat  zr. 
148. 

t  Nov.  Act.  Acad.  Nat.  Cur.  of  Boon,  li,  242. 
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the  genus  Eunice  of  Cuvier,  (X^coru.Sav.)  which, 
^m  the  account  given  by  Professor  Muller*, 
has  four  eyes,  situated  on  the  hinder  part  of  l^e 
head,  and  covered  with  the  epidermis,  but  con- 
taining  in  their  interior  a  spherule,  composed  of 
an  opaque  white  substaace,  surrounded  by  a 
black  pigment,  and  penetrated  by  an  optic 
nerve,  which  is  continued  to  the  brain.  On  the 
other  hand,  Professor  Weber  found  in  the  Hirudo 
medicinaiis,  or  common  leech,  no  less  than  ten 
minute  eyes,  arranged  in  a  semicircle,  in  front 
of  the  head,  and  projecting  a  little  from  the  sur- 
face of  the  integument :  they  present  externally 
a  convex,  and  perfectly  transparent  cornea; 
while  internally,  they  are  prcJonged  into  cylin- 
drical tubes,  containing  a  black  pigmentf ; 
structures,  apparently  subservient  to  a  species 
of  vision  of  a  higher  order  than  that  which  con- 
sols in  the  simple  rect^nition  of  the  presence  of 
light 

No  organs  having  the  most  distant  relation  to 
the  sense  of  vision,  have  ever  been  observed  in 
any  of  the  Acephalous,  or  bivalve  MoUusca ;  but 
various  species  of  Gasteropoda  have  organs 
which  appear  to  exercise  this  sense,  situated 
sometimes  -at  the  base,  sometimes  at  the  middle, 
and  frequently  at  the  extremity  of  the  tenta- 

'  Annales  d«t  Sciences  Naturelles,  xxii,  23. 
t  Meckel,   Archiv  Rir  Anatomie  und  Phyriologie;    1834, 
p.  301. 
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cula.  Of  tbe  latter  we  have  examples  in  the 
common  slug  and  snail,  where  these  tentacula,  or 
horns,  are  four  in  number,  and  are  capable  of 
being  protruded  and  again  retracted,  by  folding 
inwajds  like  the  finger  of  a  glove,  at  the  pleasure 
of  the  animal.  According  toMuUer,*  the  eye  of 
the  Helix  pomatta,  represented  at  b,  (Fig.  418), 
is  situated  a  little  to  one  side  of  the  rounded 
extremity,  or  papilla  (p),  of  the  tentaculum,  and 


is  attached  to  an  oval  bulb  of  a  black  colour. 
It  receives  only  a  slender  branch  (o)  from  a 
large  nerve  (n  n)  which  is  distributed  to  the 
papilla  of  the  tentaculum,  and  appears  to  be  ap- 
propriated exclusively  to  the  sense  of  touch. 
The  bulb,  with  the  eye  attached  to  it,  is  repre- 
sented, in  this  figure,  as  half  retracted  within  the 
tubular  sheath  of  the  tentaculum  (s  s) ;  but  it 
can  exercise  its  proper  function  only  when  fully 
exposed,  by  the  complete  unfolding  and  protru- 
sion of  the  tentaculum.  This  eye  contains, 
within  its  choroid  coat,  a  semi-fluid  and  per- 
fectly transparent  substance,  filling  the  whole  of 

*  Annalei  des  Sciences  Natiirellei;  xx'n.  I'Z. 
VOL.  II.  II 
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the  globe ;  and  Mnller  also  discovered  at  the 
anterior  part,  another  transparent  body,  havii^ 
the  shape  of  a  lens.*  A  structure  very  similar 
to  this  was  found  to  exist  in  the  eye  of  the  Mwrex 
tritonis,  with  the  addition  of  a  distinct  iris,  per- 
forated BO  as  to  form  a  pupil ;  a  part  which  had 
also  been  observed,  ti^ether  with  a  crystalline 
lens  of  very  large  size,  in  the  VoUita  (ymbium, 
by  De  BlainTille-t  Thus  the  visual  organs  of 
these  Gasteropoda  appear  to  possess  every  re- 
quisite for  distinct  vision,  properiy  so  called. 
Experiments  are  said  to  have  been  recently  made, 
both  by  I^uchs,  and  by  Steifensand^  in  which 
a  snail  was  repeatedly  observed  to  avoid  a  small 
object  presented  near  the  tentaculum ;  thus 
affording  evidence  of  its  possessii^  this  sense. 

The  accurate  investigation  of  the  anatomy  of 
the  eyes  of  insects  presents  ctmsiderable  diffi- 
culty, both  from  the  minuteness  of  their  parts 
and  from  the  complication  of  their  structure ;  so 
that  notwithstanding  the  light  which  has  recently 
been  thrown  on  this  interesting  subject  by  the 
patient  and  laborious  researches  of  entomologists, 
great  obscurity  still  prevails  with  r^ard  to  the 

*  Muller  thoB  coniinna  the  accuracy  of  Swammeidam's  account 
of  the  anatomy  of  the  eye  of  the  snail,  which  had  been  contested 
by  Sir  E.  Home  (Phil.  Trans.  1824,  p.  4)  and  other  writera. 

t  Principes  d'Anatomie  Comparee,  i,  445. 

]  Quoted  by  Muller;  ibid,  p.  16.  Theie  lesults  also  corro- 
borate the  testimony  of  Swanimerdam,  who  states  that  he  had 
obtained  proofs  that  the  snail  could  see  by  means  of  these 
organs. 
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mode  iD  which  these  diminutiTO  beings  exercise 
the  sense  of  vision.  Four  descriptions  of  visual 
organs  are  met  with  in  the  class  of  Articulated 
animals  ;  the  first  are  the  simple  eyes,  or  stem- 
mata,  as  they  are  termed,  which  appear  as  lucid 
spots,  resembling  those  we  have  noticed  in  the 
higher  orders  of  Annelida ;  die  second,  are  the 
conglotnerate  eyes,  which  consist  of  clusters  or 
aggregations  of  simple  eyes ;  the  third,  are  the 
compound  eyes,  which  are  formed  of  a  vast 
assemblage  of  small  tubes,  each  having  its  re- 
spective apparatus  of  humours  and  of  retina,  and 
terminating  externally  in  a  s^arate  cornea, 
slightly  elevated  above  the  general  surface  of 
the  organ :  the  fourth  kind  of  eyes,  which  have 
not  yet  been  distinguished  by  any  particular 
appellation,  are  constituted  by  a  number  of 
separate  lenses,  and  sutgacent  retinae,  but  the 
whole  covered  by  a  single  cornea  common  to 
them  all. 

Few  insects  are  wholly  destitute  of  visual 
oi^ans,  either  in  their  larva  or  perfect  states.* 
The  larvee  of  those  insects  which  undei^  a  com- 
plete metamorphosis  have  only  stemmata;  but 
those  which  are  subjected  only  to  a  partial 
change  of  form,  as  the  Orthoptera,  the  Hemip- 

*  This  is  the  case,  however,  with  the  genus  Clamger,  among 
the  Colcoptera ;  Braula  (Nitzch)  amoDg  Diptera,  and  akosotoe 
of  the  species  of  Pvpipara,  Nycteribia,  and  Melophagut,  which 
are  all  paraiiitic  insects :  there  are  also  five  species  of  ants,  whose 
neuters  have  no  eyes.  (MuUer,  Annales  des  Sc.  Nat.  xvii.  366.) 
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tera,  and  the  aquatic  Neuroptera,  have  com- 
pound as  well  as  simple  eyes.  Perfect  insects, 
with  the  few  exceptions  above  noticed,  have 
always  compound  eyes,  generally  two  in  num- 
ber, placed  on  the  sides  of  the  head :  and  they 
are  often  accompanied  by  stemmata  situated 
between,  or  behind  them,  on  the  upper  part  of 
the  head.  These  stemmata,  when  met  with,  are 
generally  three  in  niunber,  and  are  either  placed 
in  a  row,  or  form  a  triangle.  Their  structure 
has  been  minutely  examined  by  Professer  MuUer, 
who  found  them  to  contain  a  hard  and  spherical 
crystalline  lens,  a  vitreous  humour,  and  a  choroid 
coat,  with  its  accompanying  black  pigment ;  the 
whole  being  covered  externally  by  a  convex 
cornea.  The  stemmata  of  a  caterpillar,  which 
has  eight  of  these  eyes,  are  shown  in  Fig.  419, 


connected  together  by  a  circular  choroid  mem- 
brane (x  x)  common  to  the  whole  ;  together  with 
the  separate  branches  (oo)  of  the  optic  nerve 
(n)  belonging  to  each. 

All  the  Arachnida  possess  eyes  of  this  latter 
description;  and  from  their  greater  size  afford 
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facilities  for  dissection,  which  are  not  met  with 
among  proper  insects.  Their  number  in  Spiders 
is  generally  eight,  and  they  are  disposed  with 
great  symmetry  on  the  upper  side  of  the  head. 
Fig.  420  represents,  on  a  magnified  scale,  one  of 
the  large  stemmata,  on  the  head  of  the  Scorpio 
tunensis,  dissected  so  as  to  display  its  internal 
parts  ;  in  which  are  seen  the  cornea  (c),  derived 
from  an  extension  of  the  integument  (i) ;  the 
dense  spherical  crystalline  lens  (l)  ;  the  choroid 
coat,  with  its  pigment  (x),*  forming  a  wide  open- 
ing, or  pupil ;  the  vitreous  humour  (v),  covered 
behind  by  the  retina  (b),  which  is  closely  ap- 
plied to  it ;  and  the  optic  nerve  (o),  with  which 
the  retina  is  continuous. 

Examples  of  the  conglomerate  eye  occur  in 
Uie  Myriapoda :  in  the  Scolopendra,  for  instance, 
they  consist  of  about  twenty  contiguous  circular 
pellucid  lenses,  arranged  in  five  lines,  with  one 
larger  eye  behind  the  rest,  which  Kirhy  com- 
pares to  a  sentinel,  or  scout,  placed  at  some  little 
distance  from  the  main  body.  In  the  Julus 
ierrestris,  or  common  Millepede,  these  eyes, 
amounting  to  28,  form  a  triangle,  being  disposed 
in  seven  rows,  the  number  in  each  r^ularly 
diminishing  from  the  base  to  the  apex ;  an 
arrangement  which  is  shown  in  Fig.  421-t 

*  Marcel  de  Senes  itates,  that  some  of  the  stemmata  of  the 
insects  which  he  examined  contain  a  thin  choroid,  having  a  sil- 
Tety  lustre,  as  if  intended  as  a  reflector  of  the  light  which  falls 
on  it. 

t  Kirby  and  Spence's  Introduction,  &c.,  iii.  494. 
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Hie  compound  eyes  of  insects  are  fonned  of  a 
vast  number  of  separate  cylinders  or  elongated 
cones,*  closely  packed  together  on  the  surfEU^ 
of  a  central  bulb,  which  may  be  considered  as 
a  part  of  the  optic  nerve ;  while  their  united 
bases  or  outer  extremities  constitute  the  surfoce 
of  a  hemispherical  convexity,  which  often  occu- 
pies a  considerable  i^ace  on  each  side  of  the 
head.  The  usual  shape  of  each  of  these  bases  is 
that  of  a  hexagon,  a  form  which  admits  of  their 
uniform  arrangement  with  the  greatest  economy 
of  space,  like  the  cells  of  a  honey-comb;  and 
the  hexagonal  divisions  of  the  sur&ce  are  very 
plainly  discernible  on  viewing  the  surface  of 
these  eyes  with  a  microscope,  especially  as  there 
is  a  thin  layer  of  black  pigment  intervening 
between  each,  like  mortar  between  the  layers  of 
brick.  The  appearance  they  present  in  the 
Melolontha,  when  highly  magnified,  is  shown  in 
Fig.  422.t  The  internal  structure  of  these  eyes 
will  be  best  understood  from  the  section  of  that 

*  He  number  of  these  conea  or  cylinders  whicli  compose  ibe 
entire  or^an  differs  much  in  different  species.  In  the  an^  there 
are  only  50  ;  in  a  Scarabavt,  3180 ;  in  the  Bomh/x  mori,  6236 ; 
in  the  houM-fly  (Mnsca  domestica),  8000 ;  in  the  MeloUmtha 
mtlgarU,  8820 ;  in  the  Pkaieiui  cottut,  1 1 ,300 :  in  the  LibelluU, 
12,544;  in  the  Popilto,  17,325;  and  in  ^uMardella,  25,088. 

t  'In  the  Phalena,  and  other  tribes,  they  are  arranged  in 
squares  (as  shown  in  Ftg.  423),  instead  of  hexi^ns,  and  fre- 
quently much  less  regularly;  as  roust  necessarily  happen,  in 
many  parts,  from  the  curvature  of  the  spherical  surface. 
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of  the  lAbeUvla  wigata,  or  grey  Dragon>fly, 
shown  in  Fig.  424,  aided  by  the  highly  magni- 
fied views  of  smaller  portions  given  in  the  suc- 
ceeding figures,  in  all  of  which  the  same 
letters  of  reference  are  used  to  indicate  the  same 
ohjects.*    The  whole  outer  layer  (cc)  of  the 


compound  eye  may  be  considered  as  corres- 
ponding to  the  cornea :  each  separate  division  of 
which  has  been  termed  a  Comeule,  being  com- 
posed of  a  homy  and  perfectly  transparent 
material.  Each  comeule  (c)  has  the  form  of  a 
truncated  pyramid,  the  length  of  which  (l)  is 
between  two  and  three  times  the  diameter  of  the 
base  (b).  The  outer  surface  (b)  is  very  convex ; 
but  the  internal,  or  truncated  end  (d)  is  con- 
cave ;   and  the  concavity  of  the  latter  being 

"  These  figures,  as  well  as  the  accouot  of  the  anatomy  of  the 
eye  of  the  Libellula,  are  taken  from  the  memoir  of  Dugis,  in  the 
Aunales  des  Sciences  Naturellea,  xx.  341. 
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smaller  than  the  coDTexity  of  the  formo',  its 
optical  effect  is  that  of  a  meniscus,  or  concavo- 
convex  lens,  with  power  of  converging  to  a  dis- 
tant focua  the  rays  of  light  which  buverse  it. 


Within  these  comeales  there  is  extended  a  layer 
of  an  opaque  black  pigment  (x),  probably  con- 
nected with  a  choroid  coat,  which,  from  the  deli- 
cacy  of  its  texture,  has  hitherto  escaped  obser- 
vation. There  exists  opposite  to  the  centre,  or 
axis  of  each  comeule,  a  circular  perforation  (p), 
which  performs  the  functions  of  a  pupil.*  Di:^^ 
states,  indeed,  that  he  has  witnessed  in  this  part 

*  This  pupillary  aperture  was  discdvered  by  MuUer,  aad  had 
eluded  all  the  efforts  of  fonner  observert  to  detect  it ;  and  it  was 
accordingly  the  prevailiag  notion  that  the  black  pigment  Uned 
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movements  of  coatraction  and  dilatation,  like 
those  of  the  iris  in  vertebrated  animals.  He  has 
likewise  found  that  there  is  a  small  space  (a) 
intervening  between  the  extremity  of  each  cor- 
neide  and  the  iris,  and  filled  with  an  aqueous 
humour.  The  compartments  formed  by  the  sub- 
stance of  the  choroid  (x)  are  continued  inwards 
towards  the  centre  of  the  general  hemisphere, 
the  cylindrical  spaces  which  they  inclose  being 
occupied  each  by  a  transparent  cylinder  (v), 
consisting  of  an  outer  membrane,  filled  with  a 
viscid  substance  analogous  to  the  vitreous  hu- 
mour. Their  general  form  and  situation,  as 
they  lie  embedded  in  the  pigment,  may  be  seen 
from  the  magnified  sections;  each  cylinder 
commencing  by  a  rounded  convex  base,  imme- 
diately behind  its  respective  pupil,  and  slightly 
tapering  to  its  extremities,  where  it  is  met  by 
a  filament  (n)  of  the  optic  nerve ;  and  all  these 
filaments,  after  passing  for  a  certain  distance 
through  a  thick  mass  of  pigment,  are  united  to 
the  lai^e  central  nervous  bulb  (o,  Fig.  427), 
which  is  termed  the  t^tic  ganglion,* 


the  whole  surface  of  the  cornea,  and  inUrpoied  an  insuperable 
barrier  to  the  passage  of  light  beyond  the  comea.  It  was  evi- 
dently impouible,  while  such  an  opinion  was  entertained,  that 
any  intelligible  theory  of  vision,  with  eyes  eo  constructed,  could 
be  formed. 

*  Numberless  modifications  of  the  forms  of  each  of  thesecon- 
Btituent  parts  occur  in  different  species  of  insects.     Very  fre< 
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It  thus  appears  that  each  of  the  constituait 
eyes,  which  compose  this  vast  aggregate,  con- 
usta  of  a  simple  tuhe,  furnished  with  all  the  ele- 
ments requisite  for  distinct  visioa.'and  cf^ble 
of  Feceiving  impressions  from  objects  situated  in 
the  direction  of  the  axis  of  the  tube.  The  rays 
traversing  adjacent  comeules  are  prevented  from 
mixii^  themselvea  with  those  which  are  proper 
to  each  tube  by  the  interposition  of  the  black 
pigment,  which  completdy  surrounds  the  trans- 
parent cylinders,  and  intercuts  all  lateral  or 
scattered  light  Thus  has  nature  supplied  the 
want  of  mobility  in  the  eyes  of  insects,  by  the 

queotly  the  ritreous  humour  (v),  iasUad  of  fonning  an  elon- 
gated cyliuder,  has  the  shape  of  a  short  cone,  tenninatiog  Ed  a 
fine  point,  as  shown  in  Fig.  426.  Straus  Durckhwn  appeus  to 
have  mistaken  this  part  for  an  enlarged  termination  of  the  optic 
nerve,  believing  it  to  be  opaque,  and  to  form  a  retina  applied  to 
the  back  of  the  corneule,  which  latter  part  he  considered  as  pro- 
perly the  crystalline  lens.  In  his  elaborate  work  on  tht  ana- 
tomy of  the  Melolontha,  he  describes  the  filaments  (f)  of  the  op- 
tic nerve,  in  their  pit^ress  inwards,  as  passing  through  a  second 
membrane  (k.  Fig.  428),  which  he  denominates  the  common 
choroid,  and  afterwEuds  uniting  to  form  an  expanded  layer,  or 
more  general  retina  (a),  whence  proceed  a  smaU  numher  of 
short  but  thick  nervous  columns  (n),  still  convei^ng  towards  the 
large  central  ganglion  (g),  in  which  they  terminate.  The  use  fae 
ascribes  to  this  second  choroid  is  to  intercept  the  light,  which, 
in  so  dimmutive  an  organ,  might  otherwise  penetrate  to  the  gene- 
ral retina  and  produce  confusion,  or  injurions  irritation.  The 
colour  of  the  pigment  is  not  always  black,  but  often  has  a  Unish 
tint :  in  the  common  fiy,  it  is  of  a  bright  scarlet  hue,  resembling 
blood.  In  nocturnal  insects  the  transverse  layer  of  pigment 
between  the  corueule  and  the  vitreous  humour  is  absent. 
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vast  multiplication  of  their  number,  and  by  pro- 
viding, as  it  were,  a  separate  eye  for  each  sepa- 
rate point  which  was  to  be  viewed ;  and  thus 
has  she  re'alized  the  hypotheticEJ  arrangement, 
which  suggested  itself  in  the  outset  of  our  in- 
qnirites,  while  examining  all  the  possible  modes 
of  effecting  this  object. 

This  mode  of  vision  is  probably  assisted  by 
the  converging  powers  of  each  comeule,  although 
in  parts  which  are  so  minute  it  is  hardly  pos- 
sible to  form  an  accurate  estimate  of  these 
powers  by  dire<;t  experiment.  In  corroboration 
of  this  view  I  am  fortunately  enabled  to  cite  a 
valuable  observation  of  the  late  Dr.  WoUaston, 
relative  to  the  eye  of  the  Aatacus  JluviatiUa,  or 
cray-fish,  where  the  length  of  each  component 
tube  is  short,  compared  with  that  of  the  Li- 
bellula.  On  measuring  accurately  the  focal 
distance  of  one  of  the  comeules  Dr.  WoUaston 
ascertained  that  it  corresponds  with  great  exact- 
ness to  the  length  of  the  tube  attached  to  it; 
so  that  an  image  of  an  external  object  is  formed 
precisely  at  the  point  where  the  retina  is  placed 
to  receive  it.* 

Little  is  known  of  the  respective  functions  of 
these  two  kinds  of  eyes,  the  simple  and  the  com- 


*  This  interestiogr  fact  was  communicated  to  me  by  C^tain 
Kater,  who,  togetbei  vnth  Mr.  Childieo,  asaiited  Dr.  Wollaaton 
in  this  examination. 
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pound,  both  of  which  are  generally  possessed  by 
the  higher  orders  of  winged  insects.  From  the 
circumstance  that  the  compound  eyes  are  not 
developed  before  the  insect  acquires  the  power 
of  flight,  it  has  been  inferred  that  they  are  more 
particularly  adapted  to  the  Tision  of  distant  ob- 
jects ;  but  it  must  be  confessed  that  the  expe- 
riments made  on  this  subject  have  not,  hitherto, 
led  to  any  conclusive  results.  Dug^  found,  in 
his  trials,  that  after  the  stemmata  had  been 
covered,  vision  remained  apparently  as  perfect 
as  before,  while,  on  the  other  hand,  when  in- 
sects were  deprived  of  the  use  of  the  compound 
eyes,  and  saw  only  with  the  stemmata,  they 
seemed  to  be  capable  of  distinguishing  nothing 
but  the  mere  presence  or  absence  of  light. 
Others  have  reported,  that  if  the  stemmata  be 
covered  with  an  opaque  varnish,  the  insect  loses 
the  power  of  guiding  its  flight,  and  strikes 
against  walls  or  other  obstacles  :  whereas  if  the 
compound  eyes  be  covered  while  the  stemmata 
remain  free,  the  insect  generally  flies  away, 
rising  perpendicularly  in  the  air,  and  continuing 
its  vertical  ascent  as  long  as  it  can  be  followed 
by  the  observer.  If  all  the  eyes  of  an  insect 
be  covered,  it  will  seldom  make  any  attempt 
whatsoever  to  fly. 

The  eyes  of  insects,  whether  simple  or  com- 
pound, are  immoveably  fixed  in  their  situations ; 
but  the  compound  eyes  of  the  higher  orders  of 
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the  olass  Crustacea,  are  placed  at  the  enda 
of  moveable  pedicles,  so  as  to  admit  of  being 
turned  at  pleasure  towards  the  objects  to  be 
viewed.*  This,  however,  is  not  the  case  with 
the  Entomostraca,  comprising  the  various  species 
of  Monoculi,  in  which  the  two  eyes  are  brought 
so  close  to  one  another  as  apparently  to  consti- 
tute a  single  oi^an,  corresponding  in  its  struc- 
ture to  the  foiirth  class  of  eyes  already  enume- 
rated; that  is,  the  separate  lenses  it  contains 
have  a  general  envelope  of  a  transparent 'mem- 
brane, or  cornea.  Muscles  are  provided  for 
moving  the  eye  in  its  socket ;  so  that  we  have 
here  indications  of  an  approach  to  the  structure 
of  the  eye  which  preveUls  in  the  higher  classes 
of  animals.  There  is,  however, 'a  still  nearer 
approximation  to  the  latter  in  the  eye  of  the 
Cephalopoda;  for  SepitB  differ  from  all  the 
tribes  belonging  to  the  inferior  orders  of  mollusca 
in  having  laige  and  efficient  eyes,  containing  a 
hemispherical  vitreous  himiour,  placed  imme- 
diately before  a  concave  retina,  Emd  receiving  in 
front  a  lai^  and  highly  convex  crystalline  lens, 
which  is  soft  at  its  exterior,  but  rapidly  increases 
in  density,  and  contains  a  nucleus  of  great  hard- 
ness ;  there  is  also  a  pigmentum  nigrum,  and  a 

*  lAtreille  deacribes  a  species  of  Crab,  Tound  on  the  shores  of 
the  Mediteiraneaii,  having  its  eyes  supported  on  8  long  jointed 
tube,  conaisting;  of  two  articulations,  which  enables  the  animal 
to  inove  them  in  various  directions,  like  the  anns  of  a  telegraph. 
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distinct  iris,  with  a  kidney-shaped  pupil.  •  This 
eye  is  remarkable  for  the  total  absence  of  a 
cornea ;  the  integuments  of  the  head  being 
continued  over  the  iris,  and  reflected  over  the 
edges  of  the  pupil,  giving  a  covering  to  the  ex- 
ternal surface  of  the  lens ;  there  is,  of  course, 
no  chamber  for  containing  an  aqueous  humour. 
The  globe  of  the  eye  is  nearly  spherical,  but  the 
sclerotica  is  double,  leaving,  at  the  posteriorpart, 
between  its  two  portion^  a  considerable  space, 
occupied  by  the  large  ganglion  of  the  optic 
nerve,  with  its  numerous  filaments,  which  are 
embedded  in  a  soft  glandular  substance.* 

The  eyes  of  Fishes  differ  from  those  of  sepise 
principally  in  the  addition  of  a  distinct  cornea, 
exterior  to  the  lens  and  iris,  but  having  only  a 
slight  degree  of  convexity.  This,  indeed,  is  the 
case  with  all  aquatic  animals;  for,  since  the 
differraice  of  density  between  the  cornea  and 
the  external  medium  is  but  small,  the  refractive 
power  of  any  cornea,  however  convex,  would  be 
inconsiderable;  and  the  chief  agent  for  per- 
forming the  requisite  refraction  of  the  rays  is 
the  crystalline  lens.  We  accordingly  in  general 
find  the  cornea  nearly  flat,  and  the  globe  of  the 
eye  approaching  in  shape  to  a  hemisphere; 
while  the  lens  itself  is  nearly  spherical,  and  of 

*  See  Cuivier,  snr  les  Mollusquea ;  M^oir  sur  le  Poulpe, 
p.  37.  In  the  Octopu$  there  are  folds  of  the  skin,  wbich  appear 
to  be  rudiments  of  eye-lids. 
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great  density.  These  circumstances  are  ^own 
in  the  section  of  the  eye  of  the  Perch,  Fig.  430.* 
The  flatness  of  the  cornea  leaves  scarcely  any 
space  for  aqueous  humour,  and  but  litUe  for 
the  motions  of  the  iris. 

The  surface  of  the  eye  in  fishes,  being  con- 
tinually washed   by  the   water  in  which  it  is  • 
inunersed,  requires  no  proTision 

#of  a  secreted  fluid  for  that  pur- 
g  pose ;  and  there  are  consequent- 
ly neither  lacrymal  apparatus, 
nor  proper  eye-lids ;  the  integu- 
ments supplying  only  a  thin 
transparent  membrane,  which 
passes  over  and  protects  the  cornea,  serving  the 
office  of  a  conjunctiva.  The  eye  retains  its  form 
by  the  support  it  receives  from  the  sclerotic  coat, 
which  is  of  extraordinary  thickness  and  density. 
In  the  Shark  and  the  Skate  the  eye  is  supported 
from  the  bottom  of  the  orbit,  by  a  cartilaginous 
pedicle,  which  enables  it  to  turn  as  on  a  pivot, 
or  lever. 

Sir  David  Brewster  has  recently  made  an  in- 
teresting analysis  of  the  structure  of  the  crystal- 

*  In  this  figure,  as  in  the  olhers,  c  is  the  cornea;  i,,  the  lens  ; 
V,  the  vitreous  humour;  r,  the  retina;  o,  the  optic  nerve;  and 
s,  the  sclerotica.  There  is  also  found  in  the  eyes  of  most  fishes  an 
oi^n,  lodg^  in  the  space  k,  termed  the  Choroid  giand,  which 
envdopes  the  optic  nerve,  is  shaped  like  &  horse-shoe,  is  of  a 
deep  red  colour,  and  highly  vascular;  its  use  is  quite  un- 
kmnra. 
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line  lena  of  the  Cod,  to  which  he  was  led  by 
noticiog  some  remarkable  optical  appearances 
presented  by  thin  layers  of  this  substance  when 
tranranitting  polarised  light.  He  found  that  Uie 
hard  central  portion  is  composed  of  a  succession 
of  concentric,  and  perfectly  transparent,  sphe- 
roidal laminae,  the  suriaces  of  which,  thou^ 
apparently  smooth,  have  the  same  kind  of  iri- 
descence as  mother-of-pearl,  and  arising  from 
the  same  cause ;  namely,  the  occurrence  of  re- 
gulariy  arranged  lines,  or  stria.*  These  lines, 
which  mark  the  edges  of  the  separate  fibres 
composing  each  lamina,  convei^e  like  meridians 
from  the  equator  to  tlie  two  poles  of  the  sphe- 


roid, as  is  shown  in  Fig.  431.  The  fibres  them- 
selves are  not  cylindrical,  but  flat;  and  they 
taper  at  each  end  as  they  approach  the  points  of 
convci^ence.  The  breadth  of  the  fibres  in  the 
most  external  layer,  at  the  equator,  is  about  the 
5,500th  of  an  inch.  The  observation  of  another 
optical  phenomenon,  of  a  still  more  delicate  kind, 

•  See  yol.  i.  p.  23i. 
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led  Sir  David  Brewster  to  the  farther  discovery 
of  the  curious  mode  in  which,  (as  is  represented 
in  Fig.  4.3S,)  the  fibres  are  locked  together  at 
their  edges  by  a  series  of  teeth,  resembling 
those  of  rack-worit.  He  found  the  number  of 
teeth  in  each  fibre  to  be  12,600;  and  as  the 
whole  lens  contains  about  5,000,000  fibr^,  the 
total  number  of  these  minute  teeth  amounts  to 
»2,500,000,000.* 

Some  fishes,  which  fi%quent  the  depths  of  the 
ocean,  being  found  at  between  three  and  four 
hundred  fetboms  below  the  surface,  to  which  it 
is  imp06«ble  that  any  sensible  quantity  of  the 
light  of  day  can  penetrate,  have,  like  noctunial 
quadrupeds,  very  lai^e  eyes.f  In  a  few  spe- 
cies, which  dwell  in  the  muddy  banks  of  rivers, 
as  the  Cacilia,  and  Mvreena  cteca,  or  blind  eel, 
the  ^es  are  quite  rudimenta),  and  often  nearly 
imperceptible ;  and  in  the  Gastrobranchus,  De 
Blainville  states  that  it  is  impossible,  even  by 
the  most  careful  dissection,  to  discover  the  least 
trace  of  eyes. 

Reptiles,  being  destined  to  reside  in  air  as 

*  As  far  as  his  observations  have  extended,  this  denticulated 
structure  exists  in  the  lenses  of  all  kinds  of  fishes,  and  likewise  in 
those  of  birds.  He  has  also  met  with  it  in  two  species  of  Lizardt, 
and  in  the  Omithorkyiu^u :  but  he  has  not  been  able  to  find  it 
in  any  of  the  Mammalia,  not  even  in  the  Celacea.  (Pbi).  Trans, 
for  1833,  p.  323.) 

■\  See  "  Observations  snr  les  Poissons  recueiilis  dans  nn  \vy-. 
9fgt  aux  lies  Baleares  et  Pythiuses.     Par  M,  Delaroche." 
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well  as  in  water,  have  eyes  accommodated  to 
these  variable  circumstances.  By  the  protrusion 
of  the  coroea,  and  the  addition  of  an  aqueons 
humour  they  approach  nearer  to  the  spherical 
form  than  ^e  eyes  of  fishes ;  and  the  lens  has  a 
smaller  refractive  power,  because  the  principal 
refraction  is  now  performed  by  the  coroea  and 
<aqueous  humour.  Rudiments  of  eye-lids  are 
met  with  in  the  Salamander,  but  they  are  not  of 
sufficient  extent  to  cover  the  whole  surface  of 
the  eyes.  In  some  serpents,  the  int^uments 
pass  over  the  globe  of  the  eye,  forming  a  transpa- 
rent conjunctiva,or  external  cornea,  behind  whioh 
the  eye-ball  has  £ree  motion.  This  membrane 
is  shed,  along  with  the  cuticle,  every  time  that 
the  serpent  is  moulting ;  and  at  these  epocte, 
while  the  cornea  is  preparing  to  detach  itself, 
air  insinuates  itself  underneath  the  external 
membrane  and  renders  it  opaque :  so  that  until 
Uiis  c^>CTation  is  completed  and  an  entire  sepa- 
ration effected,  the  serpent  is  rendered  blind. 
Serpents  have  no  proper  eyelids  ;  but  tlie  cor- 
nea is  covered  by  a  transparent  integument, 
which   does  not  adhere  to  it.*     Lizards  have 

•  It  vBs  the  general  opunion,  until  very  lately,  tbat  serpents 
are  anprovided  with  any  lacrymal  apparatus ;  but  a  small  1*- 
crymal  passafe  has  been  recently  discovered  by  Cloquet,  leading 
from  the  space  in  the  inner  corner  of  the  eye,  between  the  trftos- 
parent  integument  and  the  cornea.  This  lacrymal  canal  op^ts 
into  the  nasal  cavity  in  venomous  snakes,  and  into  the  moath  in 
those  that  are  not  venomous. 
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UBually  a  single  perforated  eye-Hd,  which,  when 
closed  by  its  orbicular  muscle,  exhibits  merely  a 
horizontal  slit.  There  is  also  a  small  ioternal 
fold,  forming  the  rudiment  of  a  third  eye-lid. 
The  Chamelion  has  remarkably  projecting  eyes, 
to  which  the  light  is  admitted  through  a  very 
minute  perforation  in  the  skin  constituting  the 
outer  eye-lid.  This  animal  has  the  power  of 
turning  each  eye,  independently  of  Uie  other,  in 
a  great  variety  of  directions. 

The  eyes  of  Tortoises  exhibit  an  approach 
to  those  of  birds :  they  are  fumi^ed  with  lai^e 
lacrymal  glands,  and  with  a  very  moveable 
membrana  nictitans  or  third  eye-lid. 

Birds  present  a  still  further  developement  of 
all  these  parts :  their  eyes  are  of  great  size  com- 
pared with  the  head,  as  may  be  seen  from  die 
large  portion  of  the  skull  which  is  occupied  on 
each  side  by  the  orbits.  The  chief  peculiarities 
of  the  internal  structure  of  these  oi^ans  are  ap- 
parently designed  to  accommodate  them  to  vision 
through  a  very  rare  medium,  and  to  procure  their 
ready  adjustment  to  objects  situated  at  very  dif- 
ferent distances.  The  form  of  the  eye  appears 
calculated  to  serve  both  th^  purposes ;  fw  the 
great  prominence  of  its  anterior  portion,  which 
has  oflen  the  shape  of  a  short  cone,  or  cylinder, 
prefixed  to  the  front  of  a  hemispherical  globe, 
and  which  is  terminated  by  a  very  convex  cornea, 
affords  space  for  a  larger  quantity  of  aqueous 
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humour,  and  also  for  the  removal  of  the  lens 
to  a  greater  distance  from  the  retina,  whereby 
the  vision  of  near  objects  is  facilitated,  while  at 
the  same  time  the  refracting  powers  are  suscep- 
tible of  great  variation. 

For  the  purpose  of  preserving  the  hemisphe- 
rical form  of  the  sclerotica,  this  membrane  in 
birds  is  strengthened  by  a  circle  of  bony  plates, 
which  occupy  the  fore-part,  and  are  lodged 
between  the  two  layers  of  which  it  conasts. 
These  plates  vary  in  number  from  fifteen 
to  twenty,  and  they  lie  close  t(^ether,  their 
edges  suecessively  overlapping  each  other. 
There  is  manifest  design  in  this  arrangement; 
for  it  is  clear  that  a  ring  formed  of  a  number  of 
separate  plates  is  better  fitted  to  resist  fracture 
than  an  entire  bony  circle  of  the  same  thick- 
ness. 

There  is  a  dark-coloured  membrane,  called  the 
Maraupium,  situated  in  the'  vitreous  humour,  the 
use  of  which  is  unknown,  though  it  appears  to 
be  of  some  importance,  as  it  is  found  in  almost 
every  bird  having  extensive  powers  of  vision.* 
The  comparative  anatomy  of  the  eye  offers* 
indeed,,  a  great  number  of  special  structures  of 


*  It  is  ihowQ  at  M,  Fig.  433,  which  is  a  minified  section  at 
the  eye  of  a  Ooose.  c  is  the  comea ;  i,  the  iris;  p,  the  ciliary 
processes,  a,  the  sclerotic  coat,  and  o,  the  optic  nerve. 
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which  we  do  not  understand  the  design,  and 
which  I  have  therefore  purposely  omitted  to 
notice,  as  being  foreign  to  the  object  of  this 
treatise. 

In  most  birds  the  tnembrana  nictitans,  or  third 
eye-lid,  is  of  considerable  size,  and  consists  of  a 
semi-transparent  fold  of  the  conjunctiva,  lying, 
when  not  used,  in  the  inner  comer  of  tlie  eye, 
with  its  loose  edge  nearly  vertical :  it  is  repre- 
sented at  N,  Fig.  434,  covering  half  the  surface 
of  the  eye :  its  motion,  like  that  of  a  curtain,  is 
horizontal,  and  is  effected  by  two  muscles:  the 
first  of  which,  seen  at  q,  in  Fig.  435,  is  called 
from  its  shape  the  quadratus,  and  arises  from  the 
upper  and  back  part  of  the  sclerotica :  its  fibres 
descending  in  a  parallel  course  towards  the  optic 


nerve,  where  they  terminate,  by  a  semi-circular 
edge,  in  a  tubular  .tendon.    This  tendon  has  no 
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particular  attachment,  but  n  employed  for  the 
purpose  of  serving  as  a  loop  for  the  passage  of 
the  long  tendon  of  the  second  muscle  (p),  which 
is  called  the  pyramidalis,  and  which  arises  firom. 
the  lower  and  back  part  of  the  sclerotica.  Its 
tendon  (t),  after  passing  throi^h  the  channd 
above  described,  which  has  the  effect  of  a  pulley, 
is  conducted  through  a  circular  sheath,  furnished 
by  the  sclerotica  to  the  under  part  of  the  eye, 
and  is  inserted  into  the  lower  portion  of  the 
loose  edge  of  the  nictitating  membrane.  By 
the  united  action  of  these  two  muscles,  the 
former  of  which '  serves  merely  to  guide  the 
tendon  of  the  latter,  and  increase  the  velocity  of 
its  action,  the  membrane  is  rapidly  drawn  over 
the  front  of  the  globe.  Its  return  to  its  former 
position  is  effected  simply  by  its  own  elasticity, 
which  is  sufficient  to  bring  it  back  to  the  inner 
comer  of  the  eye.  If  the  membrane  itself  had 
been  iiirnished  with  muscular  fibres  for  effecting 
this  modoD,  they  would  have  interfered  with  its 
use  by  obstructing  the  transmission  of  light. 

The  eyesof  quadrupeds  agree  in  their  general 
structure  with  those  of  man.  In  almost  all  the 
inferior  tribes  they  are  placed  laterally  in  the 
head,  each  having  independent  fields  of  visiMi, 
and  the  two  tc^ther  commanding  an  extensive 
portion  of  the  whole  sphere.  This  is  the  case 
very  generally  among  fishes,  reptiles,  and  birds. 
Some   exceptions,   indeed,   oecar  in  particular 
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tribes  of  the  first  of  these  classes,  as  in  the 
Uranoteopus,  where  the  eyes  are  directed  imme- 
diately upwards;  in  the  Ray  and  the  Callio- 
nymusy  where  their  direction  is  oblique ;  and  in 
the  Plmronectes,  where  there  is  a  remarkable 
want  of  symmetry  between  the  right  and  left 
sides  of  the  body,  and  where  both  eyes,  as  well 
as  the  mouth,  are  apparently  situated  oq  one 
side.  Among  birds,  it  is  only  in  the  tribe  of  Owls, 
which  are  nocturnal  and  predaceous,  that  we  find 
both  eyes  placed  in  front  of  the  head.  In  the 
lower  quadrupeds,  the  eyes  are  situated  laterally, 
so  that  the  optie  axes  form  a  very  obtuse  angle 
with  each  other.  As  we  ascend  towards  the 
quadrumana  we  find  this  angle  becoming 
smaller,  till  at  length  the  approximation  of  the 
fields  of  view  of  the  two  eyes  is  such  as  to 
admit  of  their  being  both  directed  to  the  same 
object  at  the  same  time.  In  the  human  species 
the  axes  of  the  two  orbits  approach  nearer  to 
parallelism  than  in  any  of  the  other  mammalia ; 
and  the  fields  of  vision  of  both  eyes  coincide 
nearly  in  their  whole  extent.  This  is  probably 
a  circumstance  of  considerable  importance  with 
regard  to  our  acquisition  of  correct  perceptions 
by  this  sense. 

In  the  magnitude  of  the  organ  compared  with 
that  of  the  body,  we  may  occasionally  observe 
some  relation  to  the  character  of  the  animal  and 
the  nature  of  its  pursuits.    HerbiTorous  animals, 
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and  especially  those  whose  bulk  is  great,  as 
the  Elephant,  tiie  Rhinoceros,  and  the  Sippih- 
potamus,  have  comparatively  small  eyes ;  for 
that  of  the  elephant  does  not  exceed  two 
inches  ia  diameter.  The  eye  of  the  Whale  is  not 
much  more  than  the  200th  part  of  the  length 
of  the  body.  Wh«i  the  natural  food  of  ob 
uiimal  is  stationary,  and  requires  no  effort  of 
pursuit,  the  eye  is  generally  small,  and  the 
sight  less  keen ;  while  in  the  purely  camivDrous 
tribes,  which  are  actively  engaged  in  the  chase 
of  living  prey,  the  organ  of  vision  is  large  and 
occupies  a  considerable  portion  of  the  head ;  the 
orbit  is  much  developed,  and  encroaches  on  the 
bones  of  the  Sace ;  while,  at  the  same  time,  the 
bony  partition  separating  the  globe  of  the  ^e 
from  the  temporal  muscle  is  supplied  by  ligammt 
alone :  so  that  when  that  muscle  is  io  strong 
action,  the  eye  is  pressed  outwards,  giving  to 
the  expression  of  the  countenance  a  pecuUa* 
ferocity. 

While  nature  has  thus  bestowed  great  acnte^ 
ness  of  sight  on  pursuing  animals,  she  has* 
on  the  other  hand,  been  no  less  careful  to  arm 
those  which  are  tlie  objects  of  pursuit,  with 
powers  of  vision,  enabling  them  to  perc«ve 
their  enemies  from  afar,  and  avoid  the  impend- 
ing danger.  Thus,  lai^  eyes  are  bestowed 
on  the  Rodeniia  and  the  RuminatUia.  Tboset 
tribes  which  pursue  their  prey   by   night,  or 
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in  the  dusk  of  the  evening,  as  for  example 
lihe  Lemur  and  the  Cat,  are  furnished  with 
large  eyes.  Bats,  howerer,  form  an  exception 
to  this  rule,  their  eyes  being  comparatively 
Bmall ;  but  a  compensation  has  been  afforded 
them  in  the  superior  ai^uteness  of  their  oth^ 
senses.  In  many  quadrupeds  a  portion  of  the 
choroid  coat  is  highly  glistening,  and  reflects 
a  great  quantity  of  coloured  light :  the  object 
of  this  structure,  vrhich  is  termed  the  Tapetum, 
is  not  very  apparent. 

Among  the  lesser  quadrupeds  which  burrow 
in  the  ground,  we  find  many  whose  eyes  are 
extremely  minute,  so  much  so,  indeed,  as  to  be 
scarcely  serviceable  as  visual  organs.  The  eye 
of  the  Sorex,  or  shrew  mouse,  is  very  small,  and 
surrounded  by  thick  hair,  which  completdy 
obstructs  vision,  and  requires  to  be  removed 
by  the  action  of  the  subcutaneous  muscles, 
in  order  to  enable  the  animal  to  derive  any 
advanta^  Irom  its  eyes.  These  organs  in  the 
Mole  are  still  more  remarkably  deficient  in 
their  developement,  not  being  larger  than  the 
head  of  a  pin,  and  consequently  not  easily 
discovered.*  It  is  therefore  probable  that  this 
animal    trusts  chiefly  to  its  sense   of  hearing, 

*  Magendle  asserts  that  the  mole  has  no  optic  nerve ;  but  G. 
St,  Hilaire  and  Carus  recognise  the  e»iitence  of  a  very  slender 
nervous  filament,  arising  from  Uie  brain,  and  distributed  to  the 
eye  of  that  animal. 
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which  is  remari^ably  acute,  for  iutimations  of 
the  approach  of  danger,  especially  as,  in  its 
subterranean  retreats,  the  vibrations  of  the  solid 
earth  are  readily  transmitted  to  its  ears.  The 
Mus  typhlusy  or  blind  rat  of  LinnsBus;  (the 
Zemni  cS  Pallas,)  which  is  an  inhabitant  of 
the  western  parts  of  Asia,  cannot  be  supposed 
to  possess  even  the  small  degree  of  vision  of 
the  mole :  for  no  external  organ  of  this  s«ise 
has  been  detected  in  any  part  of  that  animal. 
The  whole  side  of  the  head  is  covered  with 
a  continuous  integument  of  uniform  thickness, 
and  equally  overspread  with  a  thick  velvetty 
hair.  It  is  only  after  removing  the  skin  that 
a  black  spot  is  discovered  on  each  side,  of  ex- 
ceedingly small  size,  and  apparently  the  mere 
imperfect  rudiment  of  an  eye,  and  totally  in- 
capable of  exercising  any  of  the  functions  of 
vision. 

Those  mammalia  whose  habits  are  aquatic, 
having  the  eye  frequently  immersed  la  a  dense 
medium,  require  a  special  provision  for  accom- 
modating the  refractive  power  of  that  ot^n  to 
this  variation  of  circumstances.  Accordingly  it 
is  found  that  in  the  Seal,  and  other  amphibious 
tribes,  the  structure  of  the  eye  approaches  to 
that  of  fishes,  the  lens  being  denser  and  more 
convex  than  usual,  the  cornea  thin  and  yield- 
ing, and  both  the  anterior  and  posterior  seg- 
ments  of  the  sclerotic   thick   and  firm;    but 
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the  middle  circle  is  very  thin  and  flexible, 
admittiog  of  the  ready  separation  or  approxi- 
mating of  the  other  portions,  so  as  to  elongate 
or  contract  the  axis  of  the  eye ;  just  as  a  tele- 
scope can  be  drawn  out  or  shortened,  in  order 
to  adapt  it  to  the  distance  of  the  object  to  be 
viewed.  The  whole  eye-ball  is  surrounded  by 
strong  muscles  which  are  capable  of  effecting 
theae  requisite  changes  of  distance  between  the 
cornea  and  the  retina.  The  .Do/^^/jzn,  which  lives 
more  constantly  in  the  water,  has  an  eye  still 
more  nearly  approaching  in  its  structure  to  that 
of  fishes;  the  crystalline  lens  being  nearly 
spherical,  and  the  globe  of  the  eye  furnished 
with  strong  and  numerous  muscles.  In  birds 
which  frequently  plunge  their  heads  under 
water  tlie  crystalline  lens  is  more  convex  than 
in  other  tribes ;  and  the  same  is  true  also  of 
aquatic  reptiles. 
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PEKCEPTION. 


The  object  of  nature  in  establishing  the  organ- 
izations we  have  been  reviewing  is  to  produce 
certain  modified  impressions  on  the  extremities 
of  particular  nervous  filaments  provided  to 
receive  them ;  but  these  impressions  constitute 
only  the  commencement  of  the  series  of  cor- 
poreal changes  which  terminate  in  sensation ; 
for  they  have  to  be  conveyed  along  the  course 
of  the  nerves  to  the  brain,  or  central  oi^n  of 
the  nervous  system,*  where,  again,  some  phy- 
sical change  must  take  place,  before  the  re- 
sulting affection  of  the  mind  can  be  produced. 
The  particular  part  of  the  brain  where  this  last 
physical  change,  immediately  preceding  the 
mental  change,  takes  place,  is  termed  the  Sen- 
soiium.  Abundant  proofs  exist  that  all  the 
physical  changes  here  referred  to  really  occur, 

•  It  is  usual  to  designate  the  end  of  the  nerve  which  is  next 
to  the  aensorium,  as  the  origin  of  that  nerve ;  vrhereas  it  should 
more  properly  be  regarded  as  its  termination ;  for  the  series  of 
changes  which  end  in  sensation  commence  at  the  organ  of  sense, 
and  are  thence  propagated  along  the  nerve  to  the  sensorlum. 
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and  also  that  they  occur  in  this  order  of  sue- 
cession :  for  they  are  invariably  found  to  be 
dependent  on  the  healthy  state,  not  only  of  the 
nerre,  but  also  of  the  brain ;  thns,  the  destruc- 
tion, or  even  compression  of  the  nerre,  in  any 
part  of  its  course  between  the  external  organ 
and  the  sensorium,  totally  prerents  sensation ; 
and  the  like  result  ensues  from  even  the  slight- 
est pressure  made  on  the  sensorium  itself. 

Although  the  corporeal  or  physical  change 
taking  place  in  the  sensorium,  and  the  mental 
affection  we  term  sensation,  are  linked  together 
by  some  inscrutable  bond  of  connexion,  they 
are,  in  their  nature,  as  perfectly  distinct  as  the 
subjects  in  which  they  occur ;  that  is,  as  mind 
is  distinct  from  matter;  and  they  cannot,  there- 
fore, be  conceired  by  us  as  having  the  slightest 
resemblance  the  one  to  the  other.  Yet  sen- 
sations iuTariably  suggest  to  the  mind  ideas, 
not  only  of  the  existence  of  an  external  agent 
as  producing  them,  but  also  of  Tarious  qualities 
and  attributes  belonging  to  these  agents;  and 
the  belief,  or  rather  the  irreastible  conviction, 
thns  forced  upon  us,  of  the  reality  of  these 
external  -agents,  which  we  conceive  as  consti' 
tuting  the  material  world,  is  termed  Perception. 

Various  questions  here  present  themselves 
concerning  the  origin,  the  formation,  and  the 
laws  of  our  perceptions.  This  vast  field  of 
curious  but  difficult  inquiry,  situated  on  the 


ny  Google 


510  THE  SENSORIAL  FUNCTIONS. 

confines  of  the  two  great  departments  of  bumaa 
knowledge,  (of  which  the  one  relates  to  the 
phenomena  of  matter,  and  the  other  to  those 
of  mind,)  requires  for  its  successful  cultivatioH 
the  combined  efforts  of  the  physiolc^ist  and 
the  metaphysiciaa.  For  although  our  sensa- 
tions are  purely  mental  affections,  yet  inasmuch 
as  they  are  immediately  dependent  on  physical 
causes,  they  are  reflated  by  the  physical  laini 
of  the  living  frame ;  whereas  the  perceptions 
derived  from  these  sensations,  being  the  results 
of  intellectual  processes,  are  amenable  raUier 
to  the  laws  which  regulate  mental  than  physical 
phen<HneDa.  It  is  certain,  from  innumerable 
facts,  that  in  the  present  state  of  our  existence, 
the  operations  of  the  mind  are  conducted  by  the 
instnimentality  of  our  bodily  oi^ans;  and  that 
unless  the  brain  be  in  a  healthy  condition,  these 
operation^  becmne  disordered,  or  altogether 
cease.  As  the  eye  and  the  ear  are  the  instru- 
ments by  which  we  see  and  hear,  so  the  brain 
is  the  material  instrument  by  which  we  retrace 
and  combine  ideas,  and  by  which  we  remember^ 
we  reason,  we  invent.  Sudden  pressure  on  this 
organ,  as  in  a  stroke  of  apoplexy,  puts  a  total 
stop  to  all  these  operations  of  the  mind.  If  the 
pressure  be  of  a  nature  to  admit  of  remedy, 
and  has  not  injured  the  texture  of  the  brain, 
recovery  may  take  place;  and  immediately  on 
the  return  of  consciousness,  the  person  awakes 
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as  froiti  a  dreajn,  having  no  sense  (hT  the  lime 
which  has  elapsed  since  the  moment  of  the 
attack.  All  causes  which  disturb  the  healthy 
condition  of  the  brain,  such  as  alcohol;  opium, 
and  other  narcotic  drugs,  or  which  disorder 
more  especially  the  circulation  in  that  oi^n, 
such  as  those  inducing  fever,  or  inflammation, 
produce  corresponding  derangements  of  the  in- 
tellectual powers ;  modifying  the  laws  of  the 
association  of  ideas,  introducing  confusion  in 
the  perceptions,  irregularity  in  the  trains  of 
tiiought,  and  incapacity  of  reasoning,  and  lead- 
ing to  the  infinitely  diversified  forms  of  mental 
hallucination,  delirium,  or  insanity.  Even  the 
strongest  minds  are  subject  to  vicissitudes 
arising  irom  lighter  causes,  which  affect  the 
general  tone  of  the  nervous  system.  Vain, 
indeed,  was  the  boast  of  the  ancient  Stoics 
that  the  human  mind  is  independent  of  the 
body,  and  impenetrable  to  external  influences. 
No  mortal  man,  whatever  may  be  the  vigour 
of  his  intellect,  or  the  energy  of  his  application, 
can  withstand  the  influence  of  impressions  on 
his  external  senses ;  for,  if  sufficiently  reiterated 
or  intense,  they  will  always  have  power,  if  not 
to  engross  his  whole  attention,  at  least  to  in- 
terrupt the  current  of  his  thoughts,  and  direct 
them  into  other  channels.  Nor  is  it  necessary 
for  producing  this  effect  that  cannon  should 
thunder  in  his   ears;    the   mere  rattling  of  a 


t:  Go  ogle 


512  THE  SENSORIAL  FUNCTIONS. 

window,  or  the  creaking  of  a  hinge  will  cAen 
be  sufficient  to  disturb  his  philosophical  medi- 
tations, and  dissever  the  whole  chain  of  his 
ideas.  "  Marrel  not,"  says  Pascal,  "  that  this 
profound  statesman  is  just  now  incapable  of 
reasoning  justly ;  for  behold,  a  fly  is  buzuug 
round  his  head.  If  you  wish  to  restore  to 
him  the  power  of  correct  thinking,  and  of  dis- 
tinguishing truth  from  falsehood,  you  most 
first  chase  away  the  insect,  holding  in  thraldom 
that  exalted  reason,  and  that  gigantic  intellect, 
which  govern  empires  and  decide  the  destinies 
of  mankind." 

Although  we  must  necessarily  infer,  from  the 
evidence  furnished  by  experience,  that  some 
physical  changes  in  the  brain  accompany  the 
mental  processes  of  thought,  we  are  in  utter  ig- 
norance of  the  nature  of  those  actions ;  and  all 
our  knowledge  on  this  subject  is  limited  to  the 
changes  which  we  are  conscious  are  going  on  in 
the  mind.  It  is  to  these  mental  changes,  there- 
fore, that  our  attention  is  now  to  be  directed. 

In  experiencing  mere  sensations,  whatever  be 
their  assemblage  or  order  of  succession,  the  mind 
is  wholly  passive :  on  the  other  hand,  the  mind 
i^  active  on  all  occasions  when  we  combine  into 
one  idea  sensations  of  different  kinds,  (such  as 
those  which  are  derived  from  each  separate 
sense),  when  we  compare  sensations  or  ideas  with 
one  another,  when  we  analyze  a  compound  idea^ 
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ftud  unite  its  dements  in  an  order  or  mode  of 
combinatioQ  different  from  that  in  which  they 
were  originally  presented.  Many  of  these  active 
operations  of  mind  are  implied  in  the  process  of 
perceptirai ;  for  although  it  might  be  supposed 
that  the  diversity  in  the  nature  of  our  sensatioiu 
would  sufficiently  indicate  to  us  a  corresponding 
variety  in  the  qualities  of  the  material  agents, 
which  produce  their  impressions  on  our  senses^ 
yet  these  very  qualities,  nay,  even  the  existence 
of  the  objects  themselves,  are  merely  inferences 
deduced  by  our  reasoning  powers,  and  not  the  - 
immediate  effects  of  those  impressions  on  the 
mind.  We  talk,  for  instance,  of  seeing  a  distant 
l!>ody ;  yet  the  immediate  object  of  our  perception 
can  only  be  the  light,  which  has  produced  that 
particular  impression  on  our  retina ;  whence  we 
infer,  by  a  mental  process,  the  existence,  the 
position,  and  the  magnitude  of  that  body.  When 
we  hear  a  distant  sound,  the  immediate  object  of 
our  perception  is  neither  the  sounding  body 
whence  it  emanates,  nor  the  succeraive  undula- 
tions of  the  medium  conveying  the  effect  to  our 
ear ;  but  it  is  the  peculiar  impression  made  by 
the  Vibrating  particles  of  the  fluid,  which  are  in 
direct  contact  with  the  auditory  nerve.  It  is 
not  difficult  to  prove  that  the  objects  of  percep- 
tion are  mere  creations  of  the  mind,  su^ested, 
probably  instinctively,  by  the  accompanying 
sensatibns,  but  having  no  real  resemblance  or 
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correspondence  either  with  the  impreiH«w 
themselveft,  or  with  the  ^encies  which  produce 
them ;  for  many  are  the  instancee  in  which  our 
actual  perceptions  are  widely  different  fn»n  the 
truth,  and  have  no  external  prototype  in  nature. 
In  the  absence  of  l^ht,  any  mechanical  pressure, 
suddenly  apfriied  to  the  eye,  excites,  by  ite  effect 
on  the  retina,  the  sensation  of  vivid  light.  Tfa«t 
this  sensation  is  present  in  the  mind  we  are  cer- 
tain, because  we  are  conscious  of  its  existMice : 
here  there  can  be  no  fallacy.  But  the  percep- 
tion of  light,  as  a  cause  of  this  sensation,  being 
inseparably  associated  with  such  sensation,  and 
wholly  dependent  on  it,  and  corresponding  in  all 
respects,  both  as  to  its  duration  and  intensity, 
with  the  same  circumstances  in  the  s^asation, 
we  cannot  avoid  having  the  perception  as  well  ae 
the  sensation  of  light :  yet  it  is  certain  that  no 
light  has  acted.  The  error,  then,  attaches  Co  the 
perception ;  and  its  source  is  to  be  traced  to  the 
mental  process  by  which  perception  is  derived 
<h»n  sensation. 

Many  other  examples  might  be  given  <^  falla- 
cious perceptions,  arising  from  impressions  made 
in  an  unusual  manner  on  the  nerves  of  the 
senses.  One  of  the  most  remarkable  is  the  ap- 
pearance of  a  flash  of  light  from  the  transmission 
of  the  galvanic  influence  through  the  fecial 
nerves.  If  a  piece'  of  silver,  or  of  gold,  be 
passed  as  high  as  possible  between  the  vpfier 
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lip  and  the  gums,  while  at  the  same  time  a 
plate  of  zinc  is  laid  on  the  tongue,  or  applied  to 
the  inside  of  the  cheeks ;  and  if  a  communica- 
tion be  then  made  between  the  two  metals, 
either  by  bringing  them  into  direct  contact,  or 
by  means  of  a  wire  touching  both  of  them  at 
the  same  time,  a  flash  of  light  is  seen  by  tb^ 
person  who  is  the  subject  of  the  experiment. 
This  f4)pearance  is  the  effect  of  an  impression 
made  eitb«  on  the  retina,  or  on  the  optic  nerve, 
and  is  anali^foua  to  that  occasioned  by  a  mecha- 
nical impulse,  such  as  a  blow  directed  to  the 
same  part  of  the  nervous  system,  both  being 
phenomesia  totally  independent  of  the  presence 
of  light.  A  similar  fallacy  occurs  in  the  per- 
ception of  taste,  which  arises  in  the  well  known 
experiment  of  placing  a  piece  of  zinc  and  another 
of  silver,  the  one  on  the  upper  and  the  other 
on  the  under  surface  of  the  tongue,  and  makmg 
them  communicate,  when  a  pungent  and  dis- 
agreeable metallic  taste  is  instantly  perceived : 
this  happens  because  the  nerves  of  the  tongue, 
being  acted  upon  by  the  galvanism  thus  excited, 
communicate  the  same  sensation  as  that  which 
would  be  occasioned  by  the  actual  application 
of  sapid  bodies  to  that  organ.  Thus  it  appears 
.that  canses  which  are  very  different  in  th|^ 
nature,,  may,  by  acting  on  the  same  nerves, 
produce  the  very  same  sensation ;  and  it  follows, 
ttkCKfore,  that  our  sensations  cannot  be  depended 
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Upon  ae  being  always  exactly  correspondent  with 
the  qualities  of  the  external  agent  which  excites 
them. 

Evidence  to  the  same  effect  may  also  be 
gathered  from  the  consideration  of  the  narrow- 
ness  of  those  limits  within  which  all  our  senses 
are  re«itricted.  It  requires  a  certain  intensity  ia 
the  agent,  whether  it  be  light,  or  sound,  or  che- 
mical substances  applied  to  the  senses  of  smell 
or  taste,  in  order  to  produce  the  very  lowest  _ 
degree  of  sensation.  On  the  other  hand,  when 
their  intensity  exceeds  a  certain  limit,  the 
nature  of  the  sensation  changes,  and  becomes 
one  of  pain.  Of  the  sensations  commonly  re- 
ferred to  the  sense  of  touch,  there  are  many 
which  convey  no  perception  of  the  cause  pro- 
ducing them.  Thus  a  slighter  impression  than 
that  which  gives  the  feeling  of  resistance  pro- 
duces the  sensation  of  itching,  which  is  totally 
different  in  its  kind.  The  sensation  of  ccdd  is 
«qualty  positive  with  that  of  warmth,  and  differa 
from  it,  not  in  degree  merely,  but  in  species; 
although  we  know  that  it  is  only  in  its  degree 
that  the  external  cause  of  each  of  these  sensa- 
tions differs. 

The  only  distinct  notions  we  are  capaUe  of 
forming  respecting  Matter,  are  that  it  consists  of 
certain  powers  of  attraction  and  repulsion,  occu- 
pying certain  portions  of  space,  and  capable  of 
moving   in   space  ;  and  that  its  parts  thereby 
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a»unie  difierent  relative  positions  or  configura- 
tions. But  of  mind,  our  knowledge  is  more  ex- 
teusive  and  more  precise,  because  we  are  con- 
scious of  its  existence,  and  of  many  of  its  opera- 
tions, which  are  comprised  in  the  general  term 
thought.  To  assert  that  thought  can  be  a  pro- 
perty of  matter,  is  to  extend  the  meaning  of  the 
term  matter  to  that  with  which  we  cannot  per- 
ceive it  has  any  relation.  AU  that  we  know  of 
matter  has  regard  to  space ;  nothing  that  we 
know  of  the  properties  and  affections  of  mind 
has  any  relation  whatsoever  to  space. 

A  similar  incongruity  is  contained  in  the  pro- 
position that  thought  is  b.  function  of  the  brain. 
It  is  not  the  brain  which  thinks,  any  more  than 
it  is  the-  eye  which  sees,  though  each  of  these 
material  organs  is  necessary  for  the  production 
of  these  respective  effects.  That  which  sees  and 
which  thinks  is  exclusively  the  mind ;  although 
it  is  by  the  instrumentality  of  its  bodily  organs 
that  these  changes  take  place.  Attention  to  this 
fundamental  distinction,  which,  although  obvious 
when  explicitly  pointed  out,  is  often  lost  sight 
of  in  ordinary  discourse,  will  furnish  a  key  to 
the  solution  of  many  questions  relating  to  per- 
ception, which  have  been  considered  as  difficult 
and  embarrassing. 

The  sensations  derived  from  the  different 
senses  have  no  resemblance  to  one  another,  and 
have,  indeed,  no  property  in  common,  except 
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that  they  are  felt  by  the  same  percipient  being. 
A  colour  has  no  sort  of  resemblance  to  a  sound  ; 
nor  have  either  of  these  any  similarity  to  an 
odour,  or  a  taste,  or  to  the  sensations  of  heat,  or 
cold.  But  the  mind,  which  receives  these  in- 
congraous  dements,  has  the  power  of  giving 
them,  as  it  were,  cohcMon,  of  comparing  them 
with  one  another,  of  uniting  them  into  combina- 
tions, and  of  forming  them  into  ideas  of  external 
objects.  All  that  nature  presents  is  an  infinite 
number  of  particles,  scattered  in  different  parts 
of  space ;  but  out  of  these  the  mind  forms  indi- 
vidual groups,  to  which  she  gives  a  unity  of  her 
own  creation. 

All  our  notions  of  material  bodies  involve  that 
of  space ;  and  we  derive  this  fundamental  idea 
from  the  peculiar  sensations  which  attend  the 
actions  of  our  voluntary  muscles.  These  actions 
first  give  us  the  idea  of  our  own  bodies,  of  its 
various  parts,  and  of  their  figure  and  movements ; 
and  next  teach  us  the  position,  distances,  magni- 
tudes, and  figures  of  adjacent  objects.  Com- 
bined with  diese  ideas  are  the  more  immediate 
perceptions  of  touch,  arising  from  contact  with 
the  skin,  and  especitdly  with  the  fingers.  All 
these  perceptions,  variously  modified,  make  us 
acquainted  with  those  mechanical  properties  of 
bodies,  which  have  been  regarded  by  many 
as  primary  or  essential  qualities.  The  per- 
ceptions derived  from  the  other  senses  can  only 
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add  to  the  former  the  ideas  of  partial,  or  aecoa- 
dary  qualities,  such  a»  tenjperature,  the  peculiar 
actions  which  produce  taate  and  smell,  the  sounds 
cQUveyed  from  certain  bodies,  and  lastly  their 
Tiaible  appearances. 

The  picture  formed  on  the  retina  by  the  re- 
fracting power  of  the  humours  of  the  eye,  is  the 
source  of  all  the  perceptions  which  belong  to  the 
sense  of  vision :  but  the  visible  appearances 
which  these  pictures  immediately  suggest,  when 
taken  hy  tfaemgelTes,  could  have  given  us  no 
notion  of  the  situation,  distance,  or  magnitudes 
of  the  objects  they  represent ;  and  it  is  altogether 
from  the  experience  acquired  by  the  exercise  of 
other  senses  that  we  learn  the  relation  which 
these  s^pearancee  have  with  those  objects.  In 
process  of  time  the  former  become  the  signs  and 
symbds  of  the  latter;  while  abstractedly,  and 
without  such  reference,  they  have  no  meaning. 
The  knowledge  of  these  relations  is  acquired  by 
a  process  exactly  analogous  to  that  by  which  we 
learn  a  new  language.  On  hearing  a  certain 
sound  in  constant  conjunction  with  a  certain  idea^ 
the  two  become  inseparably  associated  together 
in  our  minds ;  so  that  on  hearing  the  name,  the 
correqK>ndtng  idea  immediately  presents  itself. 
In  like  manner,  the  visible  appearance  of  an 
object  is  ^e  sign,  which  instantly  impresses  u^ 
with  ideas  of  the  presence,  distance,  situation, 
form,  and  dimensions  of  the  body  that  gave  rise 
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to  it.  This  associatiDQ  is,  in  man  at  least,  not 
original,  but  acquired.  Theobjects  of  sight  and 
touch,  as  Bishop  Berkeley  has  justly  obterred, 
.  constitute  two  worlds,  which  although  they  haw 
a  very  important  correspondence  and  connexioo, 
yet  bear  no  sort  of  resemblance  to  one  another. 
The  tangible  world  has  three  dimensions, 
namely,  loigth,  breadth,  and  thickness;  the 
visible  world  only  two,  namely,  length  and 
breadth.  The  objects  of  sight  constitute  a  kind 
of  language,  which  Nature  addresses  to  our  eyes, 
and  by  which  she  conveys  information  most  im- 
pOTtant  to  our  welfare.  As,  in  any  language,  the 
words  or  sounds  bear  no  resemblance  to  the 
things  they  d«iote,  so  in  this  particular  language 
the  visible  objects  bear  no  sort  of  resemblance  to 
the  tangible  objects  they  represent. 

The  theory  of  Berkeley  received  complete 
confirmation  by  the  circumstances  attending  the 
well  known  case,  described  by  Cheselden,  of  a 
boy,  who,  from  being  blind  from  birth,  suddoily 
acquired,  at  the  age  of  twelve,  the  power  of  see- 
ing, by  the  removal  of  a  cataract.  He  at  first 
imagined  diat  all  the  objects  he  saw  touched  his 
eyes,  as  what  he  f<^t  did  his  skin ;  and  he  was 
unable  either  to  estimate  distances  by  the  sig^t 
alone,  or  even  to  distinguish  one  object  from 
another,  until  he  had  compared  the  visual  with 
what  has  been  called  the  tactual  impression. 
This  theory  also  affords  a  satisiactory  solution 


lyGOOgIC 


VISUAL  PERCEPTIONS.  521 

of  a  question  .which  has  frequently  been  uip- 
posed  to  tnvolTe  considerable  difficulty ;  namely, 
how  it  happens  that  we  see  objects  in  their  true 
situation,  when  their  images  on  the  retina,  by 
which  we  see  them,  are  inverted.  .To  expect 
that  the  impression  from  an  inverted  image  on 
the  retina  should  produce  the  perception  of  a 
similar  position  in  the  object  viewed,  is  to  com- 
mit the  error  of  mistaking  these  images  for  the 
real  objects  of  perception,  whereas  they  are  only 
the  means  which  suggest  the  true  perceptions. 
It  is  not  the  eye  which  sees;  it  is  the  mind.  The 
analogy  which  the  optical  part  of  the  eye  bears 
to  a  camera  obscura  has  perhaps  contributed  to 
the  fallacy  in  question ;  for,  in  using  that  instru- 
ment, we  really  contemplate  the  image  which  is 
received  on  the  paper,  and  reflected  from  it  to  our 
^es.  But  in  our  own  vision  nothing  of  this  kind 
takes  place.  Far  from  there  being  any  contem- 
platioQ  by  the  mind  of  the  image  on  the  retina, 
we  are  utteriy  unconscious  that  such  an  image 
exists,  and  still  less  can  we  be  sensible  of  the 
position  of  the  image  with  respect  to  the  object. 
All  that  we  can  distinguish  as  to  the  locality  of 
the  visual  appearance  which  an  object  produces, 
is  that  this  appearance  occupies  a  certain  place 
in  the  field  of  vision  ;  and  we  are  taught,  by  the 
experience  of  our  other  senses,  that  this  is  a  sign 
of  the  existence  of  the  external  object  in  a  parti*- 
colar  direction  with  reference  to  our  own  body. 
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It  is  not  until  loi^  after  this  association  has 
been  establiBhed  that  we  learn,  by  deduction 
firom  scientific  principles,  that  the  part  of  the 
retina,  on  vhich  the  impression  causing  this 
appearance  is  made,  is  <m  the  side  c^posite  to 
that  of  the  object  itself;  and  also  that  the  image 
of  a  straight  object  is  curved  as  well  as  inverted. 
But  this  subsequent  information  can  never  ioi' 
terfere  with  our  habitu^.  and  perhaps  instinc- 
tive reference  of  the  appearance  resulting  from 
an  impressiou  made  upon  the  upper  part  of 
the  retina,  to  an  object  situated  below  us,  and 
vice  va-$d.  Hence  we  at  once  refer  impressions 
made  on  any  particular  pEirt  of  the  retina  to  a 
cause  proceeding  firom  the  opposite  side.  Thus 
if  we  press  the  eye-ball  with  the  finger  ^pUed 
at  the  outer  comer  of  the  orbit,  the  luminous 
appearance  excited  by  the  pressure  is  imme- 
diately referred  to  the  opposite  or  inner  side  of 
the  eye. 

.  If  we  place  a  card  perpendicularly  betweeoa 
the  two  eyes,  and  close  to  the  face,  the  card  wiU 
appear  double,  because,  although  each  surface  is 
seen  by  the  eye  which  is  adjacent  to  it,  in  the 
direction  in  which  it  really  is  with  regard  to  that 
eye,  yet,  being  out  of  the  limits  of  distinct  vision, 
it  is  referred  to  a  much  greater  distance  than 
its  real  situation ;  and  consequently,  the  two  sides 
of  the  object  appear  separated  by  a  wide  interval, 
and  as  if  they  belmiged  to  two  different  objects. 
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Many  other  examples  might  be  given  of  similar 
fallacies  in  onr  visual  perceptions. 

All  impressions  made  on  the  nerves  of  sensa- 
tion have  a  definite  duration,  and  continue  for  a 
certain  interval  of  time  after  the  action  of  the 
external  agent  has  ceased.  The  operation  of  this 
law  is  most  conspicuous  in  those  cases  where  the 
presence  or  absence  of  the  agent  can  readily  be 
determined.  Thus  we  retain  the  sensation  of  a 
sound  for  some  time  after  the  ribratioos  of  the 
external  medinm  have  ceased ;  as  is  shown  by 
the  sensation  of  a  musical  note  being  the  result 
of  the  regular  succession  of  aerial  undulations, 
when  the  impression  made  by  each  continues 
during  the  whole  interval  between  two  consecu- 
tive vibrations.  The  impulses  of  light  on  the 
retina  are  unquestionably  consecutive,  like  those 
of  sound,  but  being  repeated  at  still  shorter  in- 
tervals, give  rise  to  a  continuous  impression.  A 
fiuniliar  instance  of  the  same  principle  occurs  in 
the  appearance  of  an  entire  luminous  circle,  from 
the  rapid  whirling  round  of  a  piece  of  lighted 
charcoal ;  for  the  part  of  the  retina  which  re- 
ceives the  brilliant  image  of  the  burning  char- 
coal, retains  the  impression  with  nearly  the  same 
intensity  during  the  entire  revolution  of  the 
light,  when  the  same  impression  is  renewed. 
For  the  same  reason  a  rocket,  or  a  fiery  meteor, 
shooting  across  the  sky  in  the  night,  appears  to 
leave  behind  it  a  long  luminous  train.    The 
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fflcact  time  duriog  whicb  these  imiweasiona  con- 
tinue, after  the  exciting  cause  has  been  with- 
drawn, has  been  varioudy  estimated  by  different 
experimentaiistB,  and  is  very  much  influenced 
indeed,  by  the  intensity  of  the  impression.* 

When  the  impreBsions  are  Tery  vivid,  another 
pbeaomeoon  often  takes  place;  namely,  their 
aubaequeot  recurrence,  after  a  certain  interral, 

•  Ma»y  curious  visual  illusions  may  be  traced  to  the  ope- 
ration of  this  principle.  One  oT  the  most  remarkable  is  the 
curved  appearance  of  the  spokes  of  a  carriage  wheel  rolling  on 
the  ground,  when  viewed  through  the  intervals  between  verlical 
parallel  bars,  such  aa  those  of  a  palisade,  or  Venetian  window- 
blind.  On  studying  the  circumstances  of  this  phenomenon  I 
found  that  it  was  the  necessary  result  of  the  traces  left  on 
the  retina  by  the  parts  of  each  spoke  which  became  in  succession 
visible  through  the  apertures,  and  assumed  the  curved  »p- 
pearauces  in  question.  A  paper,  in  which  I  gave  an  account  of 
the  details  ofthese  observations,  and  of  the  theory  by  which  I  ex- 
plained them,  was  presented  to  the  Royal  Society,  and  published 
iu  the  Philosophical  Transactions,  for  1825,  p.  131.  About 
three  yean  ago,  Mr.  Faraday  prosecuted  the  subject  with  the 
usual  success  which  attends  all  his  philosophical  researches, 
and  devised  a  great  number  of  interesting  experiments  on  the 
appearances  resulting  from  combinations  of  revolving  wheels; 
the  details  of  which  are  given  in  a  paper  contained  in  the  fint 
volume  of  the  Journal  of  the  Royal  Institution  of  Great  Britain, 
p.  205.,  This  again  directed  my  attention  to  the  subject,  and  led 
me  to  the  invention  of  the  instrumeut  which  has  since  been  intro- 
duced into  notice  under  the  name  of  the  Phantasmaacope  or 
Pbenakisticope.  I  constructed  several  of  these  at  that  period, 
(in  the  spring  of  1831)  which  1  showed  to  many  of  my  friends; 
but  in  consequence  of  occupations  and  cares  of  a  more  serious 
kind,  I  did  not  publish  any  account  of  this  invention,  which 
was  last  year  reproduced  on  the  continent. 
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during  which  they  «re  not  felt,  and  quite  in- 
dependently of  any  renewed  application  of  the 
cause  which  had  originally  excited  them.  If, 
for  esample,  we  look  steadfastly  at  the  sun  for 
a  second  or  two,  and  then  immediately  close  our 
eyes,  the  image  or  tpectrum  of  the  sun  remains 
for  a  long  time  present  to  the  mind,  as  if  its 
light  were  still  acting  on  the  retina.  It  then 
gradually  fades  and  disappears;  hut  if  we  con- 
tinue to  keep  the  eyes  shut,  the  same  impression 
will,  after  a  certain  time,  recur,  and  again  vanish ; 
and  this  phenomenon  will  be  repeated  at  inter- 
vals, the  sensation  becoming  fainter  at  each  re- 
newal. It -is  probable  that  these  reappearances 
of  the  image,  after  the  light  which  produced  the 
original  impression  has  been  withdrawn,  are  oc- 
casioned by  spontaneous  aifections  of  the  retina 
itself,  which  are  conveyed  to  the  sensorimn. 
in  other  cases,  where  the  impressions  are 
less  strong,  the  physical  changes  producing 
these  spectra  are  perhaps  confined  to  the  senso- 
rium.  These  spectral  appearances  generally 
undei^  various  changes  of  colour,  assuming  first 
a  yellow  tint,  passing  then  to  a  green,  and  lastly 
becoming  blue,  before  they  finally  disappear. 

Another  general  law  of  sensation  is,  that  all 
impressions  made  on  the  nerves  of  sense  tend  to 
exhaust  their  sensibility,  so  that  the  continued  or 
renewed  action  of  the  same  external  cause  pro- 
duces a  less  effect  than  at  first :  while,  on  the 
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Other  band,  the  absence  or  diminutioa  of  the 
usual  excitement  leads  to  a  gradual  increase  of 
sensibility,  so  that  the  subsequait  applictUioa  of 
an  exciting  cause  produces  more  than  the  usual 
effect.  One  of  the  most  obvious  exemplifica- 
tions of  this  law  presents  itself  in  the  case  of  the 
sensations  of  temperature.  The  very  same  body 
may  appear  warm  to  the  touch  at  one  time,  and 
cold  at  another,  (although  its  real  temperature  has 
not  varied,)  according  to  the  state  of  the  organ 
induced  by  previous  impressions :  and  a  veiy 
■difiisrent  judgment  will  be  formed  of  its  tempe- 
rature, trhen  felt  by  each  hand  in  succession, 
if  the  one  has  immediately  before  been  exposed 
to  cold,  while  the  other  has  retained  its  natural 
warmth.  Similar  phenomena  may  be  observei) 
with  regard  to  all  the  other  senses:  thus  tJbe 
flavour  of  odorous,  as  well  as  sapid  bodice,  de- 
pends much  on  the  previous  state  of  the  organ 
by  which  they  are  perceived ;  any  strong  im- 
pression of  taste  made  on  the  nerves  of  the 
tongue,  rendering  them,  for  some  time,  neariy 
iusennble  to  weaker  tastes.  Souuda,  which 
make  a  powerful  impression  on  the  auditwy 
nerves,  will,  in  like  manner,  occasion  temporary 
deafness  with  regard  to  fiunt  sounds.  The  con- 
verse of  this  is  observed  when  hearii^  has  been 
suddenly  restored  in  deaf  persons,  by  the  opi^Br 
tion  of  perforating  the  ear-drum.*  The  seosi- 
"  See  tb«  note  in  p.  434  of  thii  volame. 
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bility  of  the  anditwy  nerves,  which  had  not 
been  accessible  to  impressions  of  sound,  ia 
found  to  be  increaaed  to  a  morbid  degree.  This 
was  remarkably  exemplified  in  the  case  of  a 
gentleman  who  for  several  years  had  been  very 
deaf,  in  consequence  of  the  obliteration  of  the 
eustachian  tube,  so  that  he  could  scarcdy  hear 
a  person  speaking  in  a  loud  ymce  close  to  his 
ear.  As  soon  as  the  instrument  which  had 
made  the  perforation  was  withdrawn,  the  by- 
standers began  to  address  him  in  a  very  low 
tone  of  voice,  and  were  surprised  at  receiving  no 
answer,  and  at  his  remaining  immoveable  in  his 
chair,  as  if  stunned  by  a  violent  blow.  At 
length  he  burst  out  into  t^e  exclamation,  "  For 
God's  sake,  gentlemen,  refrain  from  crying  out  so 
terribly  loud!  you  are  giving  me  excessive  pain  by 
speaking  to  me."  The  surgecm,*  upon  this,  re- 
tired across  the  room;  unfortunately,  however, 
the  creaking  of  his  boots  caused  the  gentleman  to 
start  up  in  an  agony  from  his  chair,  at  the  same 
time  applying  his  hand  instinctively  to  cover  his 
ear ;  but  in  doing  this,  the  aound  of  his  fingers 
coming  in  contact  with  his  head  was  a  fresh 
source  of  pain,  producing  an  efiect  similar  to 
AaX  of  a  pistol  suddenly  fired  close  to  him.  For 
a  long  time  after,  when  spoken  to,  even  in  the 
lowest  whi^r,  he  complained  of  the  distressing 

*  M.  Maunoir,  of  Geneva,  on  whose  anthority  I  have  given 
thii  ucoiint. 
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loudness  of  the  souods ;  aod  it  was  several  wedu 
before  this  excessive  sensibility  of  the  auditory 
nerves  wok  off:  by  degrees,  however,  they  ac- 
commodated themselves  to  tbeir  proper  fiinctiMi, 
and  became  adapted  to  the  ordinary  impresuMiB 
of  sound.  Some  time  afterwards,  this  gentleman 
had  asimilar  operation  performed  on  theotherear, 
and  with  precisely  the  same  results ;  the  same 
d^;ree  of  excessive  sensibility  to  sounds  was  ma- 
nifested on  the  restoration  of  hearing  in  this  ear 
as  had  occurred  in  the  first ;  and  an  equal  time 
elapsed  before  it  was  brought  into  its  natnral 
state. 

The  most  striking  illustrations  of  the  extent 
of  this  law  are  furniafaed  by  the  sense  of  vision. 
On  entering  a  dark  chamber,  after  having  berai 
for  some  time  exposed  to  the  glare  of  a  bright 
sunshine,  we  feel  as  if  we  were  blind ;  for  the 
retina,  having  been  exhausted  by  the  action  of  a 
strong  light,  is  insensible  to  the  weaker  impres- 
sions which  it  then  receives.  It  m^ht  be  sup- 
posed  that  the  contraction  of  the  pupil,  which 
takes  place  on  exposure  to  a  strong  light,  and,  of 
course,  greatly  reduces  the  quantity  admitted  to 
the  retina,  is  a  cause  adequate  to  account  for 
this  phenomenon :  but  careful  observation  will 
show  that  the  pupil  very  rapidly  enlarges  to  its 
full  expansion  when  not  acted  upon  by  light; 
while  the  insensibility  of  the  retina  cootinues 
for  a  much  longer  time.    It  regains  its  usual 
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soMnbility,  indeed,  only  by  slow  d^rees.  By 
remaining  in  the  dark  its  sensibility  is  still 
farther  increased,  and  a  faint  light  will  ex* 
cite  impressions  equal  to  those  produced  in 
the  ordinary  state  of  the  eye  by  a  much  stronger 
light ;  and  while  it  is  in  this  state,  the  sudden 
exposure  to  the  light  of  day  produces  a  dazzling 
and  painful  sensation. 

This  law  of  vision  was  usefully  applied  by  Sir 
William  Herschel  in  training  his  eye  to  the 
acquisition  of  extraordinary  sensibility,  for  the 
purpose  of  observing  very  faint  celestial  objects. 
It  often  happened  to  him,  when,  in  a  tine  winter's 
night,  and  in  the  absence  of  the  moon,  he  was 
occupied  during  four,  five,  or  six  hours  in  taking 
sweeps  of  the  heavens  with  his  telescope,  that, 
by  excluding  from  the  eye  the  light  of  surround- 
ing objects,  by  means  of  a  black  hood,  the  sen- 
sibility of  the  retina  was  so  much  increased,  that 
when  a  star  of  tlie  third  magnitude  approached 
the  field  of  view,  he  found  it  necessary  imme- 
diately to  withdraw  his  eye,  in  order  to  preserve 
its  powers.  He  relates  that  on  one  occasion  the 
appearance  of  Sirius  announced  itself  in  the 
field  of  the  telescope  tike  the  dawn  of  the  morn- 
ing, increasing  by  degrees  in  brightness,  till  the 
star  at  last  presented  itself  with  all  the  splendour 
of  the  rising  sun,  obliging  him  quickly  to  re- 
tceat  from  the  beautilul  but  overpowering  spec- 
tacle. 
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The  peculiar  construction  of  the  organ  of 
vision  allows  of  our  distinguishing  the  effects  of 
impressions  made  on  particular  parts  of  the 
retina  from  those  made  on  the  rest,  and  from 
their  general  effect  on  the  whole  surface.  These 
partial  variations  of  sensibility  in  the  retina  give 
rise  to  the  phenomena  of  ocular  spectra,  as  they 
are  called,  which  were  firet  noticed  by  Buffon, 
and  afterwards  more  fully  investigated  by  Dr. 
Robert  Darwin.  A  white  object  on  a  dark 
ground,  ^fter  being  viewed  steadla^ly  till  Uie 
eye  has  become  fatigued,  produces,  when  the  eye 
is  immediately  directed  to  another  field  of  view, 
a  spectrum  of  a  darker  colour  than  the  surround- 
ing space,  in  consequence  of  the  exhaustioa 
of  that  portion  of  the  retina  on  which  its  image 
had  been  impressed.  The  converse  takes  place, 
when  the  eye,  after  having  been  stead&stly 
directed  to  a  black  object  on  a  light  ground, 
is  transferred  to  another  part  of  the  same  field ; 
and  in  this  case  a  bright  spectrum  of  the  object 
is  seen. 

It  is  a  still  more  curious  fact  that  the  sen»- 
bility  of  the  retina  to  any  particular  kind  oC 
light,  may,  in  like  manner,  be  increased  or 
diminished,  without  any  change  taking  place 
in  its  sensibility  to  other  kinds  of  light. 
Hence  the  spectrum  of  a  re<l  object  appears 
green  \  because  the  sensibility  of  that  portion  of 
the  retina,  on  which  the  red  image  has  been  im- 
pressed, is  impaired  with  r^ard  to  the  red  rays. 
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while  the  yellow  and  the  blue  rays  still  continue 
to  produce  their  usual  effect ;  and  these,  by  com- 
bining their  influence,  produce  the  impression  of 
green.  For  a  similar  reason,  the  spectrum  of  a 
green  object  is  red ;  the  rays  of  that  colour 
being  those  whidh  alone  retain  their  power  of  fully 
impressing  the  retina,  previously  rendered  less 
sensible  to  the  yellow  and  the  blue  rays  com- 
posing the  green  light  it  had  received  from  the 
object  viewed. 

The  judgments  we  form  of  the  colours  of 
bodies  are  influenced,  in  a  considerable  degree, 
by  the  vicinity  of  other  coloured  objects,  which 
modify  the  general  sensibility  of  the  retina. 
When  a  white  or  grey  object  of  small  dimen- 
sions, for  instance,  is  viewed  on  a  coloured 
ground,  it  generally  appears  to  assume  a  tint  of 
the  colour  which  is  complementary  to  that  of 
the  ground  itself.*  It  is  the  etiquette  among  the 
Chinese,  in  all  their  epistles  of  ceremony,  to 
employ  paper  of  a  bright  scarlet  hue :  and  I  am 
informed  by  Sir  George  Staunton,  that  for  a  long 
time  after  his  arrival  in  China,  the  characters 
written  on  this  kind  of  paper  appeared  to  him  to 
be  green ;  and  that  he  was  afterwards  much  sur- 
prised at  discovering  that  the  ink  employed  was 
a  pure  black,  without  any  tinge  of  colour,  and  on 
closer  examination  he  found  that  the  marks  were 


*  Any  two  colours  which,  when  combined  together,  produi 
white  light,  are  laid  to  be  cofitpUftentary  to  oae  another. 
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also  black.  The  green  appearance  of  the  letters, 
in  this  case,  was  an  optical  illusion,  arising  from 
the  tendency  of  the  retina,  which  had  b6en 
strongly  impressed  with  red  light,  to  receive  im- 
pressions corresponding  to  the  complementary 
colour,  which  is  green. 

A  philosophical  history  of  the  illusions  of  the 
senses  would  afford  ample  evidence  that  limits 
have  been  intentionally  assigned  to  our  powers 
of  perception ;  but  the  subject  is  much  too  ex- 
tensive to  be  treated  at  length  in  the  present 
vork.*  I  must  content  myself  with  remarking, 
that  these  illusions  are  the  direct  consequeDces 
of  the  very  same  laws,  which,  in  ordinary  cir- 
cumstances, direct  our  judgment  correctly,  but 
are  then  acting  under  unusual  or  irreg^ar  com- 
binations of  circumstances.  These  illusions 
may  be  arranged  under  three  classes,  according 
as' they  are  dependent  on  causes  of  a  physical^ 
physiological,  or  mental  kind. 

The  first  class  includes  those  illusions  in 
which  an  impression  is  really  made  on  the 
oi^n  of  sense  by  an  external  cause,  but  in  a 
way  to  which  we  have  not  been  accustomed. 
To  this  class  belong  the  acoustic  deceptions 
arising  from  echoes,  and  from  the  art  of  ven- 

*  In  the  Gulfttonien  Lectures,  which  I  wu  appointed  to  read 
to  the  Royal  College  of  Pbysicians,  in  May,  IS32,  I  took  occa- 
sion to  enlarge  on  this  subject.  A  summary  of  these  lectures 
was  ^ven  in  the  London  Medical  Gazette,  vol.  x.  p  273. 
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triloquiBm ;  the  deceptive  appearances  of  the 
mirage  of  the  desert,  the  looming  of  the  hori- 
zon at  sea,  the  Faia  Morgana  of  the  coast  of 
Calabria,  the  gigantic  spectre  of  the  Brocken  in 
the  Hartz,  the  suspended  images  of  concave 
mirrors,  the  visions  of  the  phantasmagoria,  the 
symmetrical  reduplications  of  objects  in  the 
field  of  the  kaleidoscope,  and  a  multitude  of 
other  results  of  the  simple  combinations  of  the 
laws  of  optics. 

The  second  class  comprehends  those  in  which 
the  cause  of  deception  is  more  internal,  and 
consists  in  the  peculiar  condition  of  the  nervous 
surface  receiving  the  impressions.  Ocular  spec- 
tra of  varions  kinds,  impressions  on  the  tongue 
and  the  eye  from  galvanism,  and  those  which 
occasion  singing  in  the  ears,  arising  generally 
from  an  excited  circulation,  are  among  the 
many  perceptions  which  rank  under  this  head. 

The  third  class  of  fallacies  comprehends  those 
which  are  essentially  mental  iu  their  origin,  and 
are  the  consequences  of  errors  in  our  reasoning 
powers.  Some  of  these  have  already  been 
pointed  out  with  regard  to  the  perceptitms  of 
vision  and  of  hearing,  the  formation  of  which  is 
regulated  by  the  laws  of  the  aasociatioh  of  ideas. 
But  even  the  sense  of  touch,  which  has  been 
generally  regarded  as  the  least  liable  to  fallacy, 
is  not  exempt  from  this  source  of  error,  as  is 
proved  by  the  well  known  experiment  of  feeling 
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a  single  ball,  of  about  the  size  of  a  pea,  between 
two  fingers  which  are  crossed ;  for  there  ia  then 
a  distinct  perception  of  the  presence  of  two 
balls  instead  of  one. 

But  limited  as  our  senses  are  in  their  range 
of  petx:eption,  and  liable  to  occaaonal  error,  we 
cannot  but  perceive,  that,  both  in  ourselves,  and 
also  in'every  class  of  animals,  they  hare  been 
studiously  adjusted,  not  only  to  the  prc^rties 
and  the  constitution  of  the  material  world,  but 
also  to  the  respective  wants  and  necessities  of 
each  species,  in  the  situations  and  circumstances 
where  it  has  been  placed  by  the  gracious  and 
b^ieficent  Author  of  its  being. 

If  the  sensorial  functions  had  heea  limited  to 
mere  sensation  and  perc^titm,  conjwned  with 
the  capacity  of  passive  enjoyment  and  of  suf- 
fering, the  purposes  of  animal  existence  would 
have  been  but  imperfectly  accomplished  ;  for  in 
order  that  the  sentient  being  may  secure  the 
possession  of  those  objects  which  are  agreeable 
and  salutary,  and  avoid  or  reject  those  which 
are  painful  or  injurious,  it  is  necessary  that  he 
possess  the  power  of  spontaneous  action.  Hence 
the  faculty  of  Voluntaiy  Motion  is  superadded 
to  the  other  sensorial  functions.  The  muscles 
which  move  f^e  limbs,  the  trunk,  the  head,  and 
.oi^ans  of  sense, — all  those  parts,  in  a  word, 
which  establish  relations  with  the  external 
world,  are,  through  the  intermedium  of  a  sepa- 
rate set  of  nervous  filaments,  totally  distinct  from 
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those  which  are  subservient  to  sensation,*  made 
to  communicate  directly  with  the  seosorium,  and 
are  thereby  placed  under  the  direct  control  and 
guidance  of  the  will.  The  mental  act  of  volition 
is  doubtless  accompanied  by  some  corresponding 
physical  change  in  that  part  of  the  sensorium, 
whence  the  motor  nerves,  or  those  distributed  to 
the  muscles  of  voluntary  motion,  arise.  Here, 
then,  we  pass  from  mental  phenomena  to  such 
as  are  purely  physical ;  and  the  impression, 
Tdiatever  may  be  its  nature,  originating  in  the 
sensorium,  is  propagated  along  the  course  of  the 
nerve  to  those  muscles,  whose  contraction  is  re- 
quired for  the  production  of  the  intended  action. 
Of  the  liinction  of  voluntary  motion,  as  &r  eis 
concerns  the  moving  powers  and  the  mechanism 
of  the  instruments  employed,!  I  have  already 

'  On  this  Biibject  1  muat  refer  the  reader  to  the  researches  of 
Sir  Charles  Bell,  and  Magcndie,  who  have  completely  established 
the  distinction  between  these  two  classes  of  nerves. 

t  A  voluntary  action,  occurring  as  the  immediate  consequence 
<^  the  application  of  an  external  agent  to  an  organ  of  the  senses, 
though  apparently  a  simple  phenomenon,  implies  the  occurrence 
of  no  less  than  twelve  successive  processes,  as  may  be  seen 
by  the  following  enumeration.  First,  there  is  the  modifying 
action  of  the  organ  of  the  sense,  the  refractions  of  the  rays,  for 
instance,  in  the  case  of  the  eye  ;  secondly,  the  impression  made 
on  the  extremity  of  the  nerve  :  thirdly,  the  propa^tion  of  this 
impression  along  the  nerve  :  fourthly,  the  impression  or  physical 
-change  in  the  sensorium.  Next  follow  four  kinds  of  mental 
processes,  namely,  sensation,  perception,  association,  and  volition. 
Then,  again,  there  is  another  physical  change  taking  place  in  the 
sensorium,  immediately  consequent  on  the  mental  act  of  Tolition  : 
this  is  followed  by  the  propagation  of  the  impression  downwards 
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treated  at  sufficient  length  in  the  first  part  of 
this  work. 

Every  excitement  of  the  sensorial  powers  is, 
Ewoner  or  later,  followed  hy  a  proportional  de- 
gree of  exhaustion ;  and  when  this  has  reached 
a  certain  point,  a  suspension  of  the  exercise  of 
these  faculties  takes  place,  constituting  the 
state  of  sleep,  during  which,  by  the  continued 
renovating  action  of  the  vital  functions,  these 
powers  are  recruited,  and  rendered  again  adequate 
to  the  purposes  for  which  they  were  bestowed. 
In  the  ordinary  state  of  sleep,  however,  the  ex- 
haustion of  the  sensorium  is  seldom  so  complete 
as  to  preclude  its  being  excited  by  internal 
causes  of  irritation,  which  would  be  scarcely 
sensible  during  our  waking  hours:  and  hence 
arise  dreams,  which  are  trains  of  ideas,  sug- 
gested by  internal  irritations,  and  which  the 
mind  is  bereft  of  the  power  to  control,  in  con- 
sequence of  the  absence  of  all  impressions  from 
the  external  senses.*  In  many  animals,  a  much 
more  general  suspension  of  the  actiims  of  life, 
extending  even  to  the  vital  functions  of  respi- 
ration and  circulation,  takes  place  during  the 
winter  months,  constituting  what  is  termed 
Hyhemation. 

alon^  the  motor  Benre ;  then  an  impresMon  ia  nade  on  the 
muKle;  and  lastly  we  obtain  the  contractioit  of  the  muscle, 
which  ia  the  object  of  the  whole  series  of  operations. 

*  The  only  indications  of  dreaming  ^ven  by  the  loner  animals 
occur  in  those  possessed  of  the  greatest  intellectual  powers,  such 
as  the  Dog,  among  quadrupeds,  and  tha  Parrot,  among  birds. 
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Chapter  VIII. 
comparative  physiology  op  the  nerv  i 

SYSTEM. 

§  1.  Nervous  Systems  of  Invertebrated  An  i 

Our  knowledge  of  the  exact  uses  and  fiir 
of  the  various  parts  which  compose  the  n  i 
system,  and  especially  of  its  central  mas  i 
unfortunately  too  scanty  to  enable  us  to  d  i 
the  correspondence,  which  undoubtedly  i  : 
between  the  variations  in  the  functions  ai  i 
diversities  in  the  oi^anization.  The  rapi  I 
view  which  I  propose  to  take  of  the  dif  i 
plans,  according  to  which  the  nervous  sys) 
constructed  in  the  several  classes  of  ani 
will  show  that  these  central  masses  are  1 1 
plied  and  developed  in,  proportion  as  the  i 
ties  of  the  animal  embrace  a  wider  ran ; 
objects,  and  are  carried  to  h^her  degre 
excellence. 

In  none  of  the  lowest  tribes  of  21oopl 
such  as  Sponges,  Polypi,  and  Medusa,  have 
traces  of  organs,  bearing  the  least  analogy 
nervous  system,  been  discovered ;  not  evii 
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the  largest  specimens  of  the  last  named  tribe, 
some  of  which  are  nearly  two  feet  in  diameter. 
All  these  animals  give  but  very  obscure  indica- 
tions of  sensibility;  for  the  contractions  they 
exhibit,  when  stimulated,  appear  to  be  rather 
the  effect  of  a  vital  property  of  irritabiUty  than 
the  result  of  any  sensorial  faculty.  Analogy, 
however,  would  lead  us  to  the  belief  that  many 
of  their  actions  are  really  prompted  by  sensa- 
tions and  volitions,  though  in  a  degree  very 
inferior  to  those  of  animals  higher  in  the  scale  of 
being :  but  whatever  may  be  their  extent,  it  is 
probable  that  the  sensorial  operations  in  these 
animals  take  place  wiUioat  the  interventiob  of 
any  commoa  sensorium,  or  centre  of  action.  It 
is  at  the  same  time  remarkable  that  their 
movements  are  not  effected  by  means  of  mus- 
cular fibres,  as.  they  are  in  all  other  ani- 
mals, the  granular  flesh,  of  which  their  whole 
body  is  composed,  appearing  to  have  a  generally- 
diffused  irritability,  and  perhaps  also  some  de- 
gree of  sensibility ;  so  that  each  isolated  granule 
may  be  supposed  to  be  e^idowed  with  these  com- 
bined properties,  peribnnii^,  independently  of 
the  other  granules,  the  iunctions  both  of  nerve 
and  muscle.  Such  a  mode  of  existence  exhibits 
apparently  the  lowest  and  most  rudiivental  con- 
dition of  the  animal  iunctions.  Yet  the  actions 
of  the  Hydra,  of  which  I  have  given  an  account, 
are  indicative  of  distinct  volitions :  as  are  also,  in 
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a  Still  more  decided  manoer,  those  of  the  Infu- 
soria. In  the  way  Id  -which  the  latter  avoid  ob- 
stacles while  swimming  in  the  fluid,  and  turn 
aside  when  they  encounter  one  ano^er,  and  in 
the  eagerness  with  which  they  punue  their  prey, 
we  can  hardly  fail  to  recognise  the  evidence  of 
voluntary  action. 

To  seek  for  an  elucidation  of  these  mysteries 
in  the  structure  of  animals  whose  minuteness 
precludes  all  accurate  examination,  would  be  a 
hopeless  inquiry.  Yet'  the  indefatigable  Ehren- 
berg  has  recently  discovered,  in  some  of  the 
larger  species  of  animalcules  belonging  to  the 
order  Rotifera,  an  organization,  which  he  be- 
Jieves  to  be  a  nervous  system.  He  observed,  in 
Ibe  H^atina  senta,  a  series  of  six  or  seven  grey 
bodies,  enveloping  the  upper  or  dorsal  part  of 
the  oesophagus,  closely  connected  together,  and 
perfectly  distinguishable,  by  their  peculiar  tint, 
from  the  visc^a  and  the  surrounding  parts. 
The  tippermost  of  these  bodies,  which  he  con- 
siders as  a  ganglion,  is  much  lai^er  than  the 
others,  and  gives  off  slender  nerves,  which,  by 
joining  another  gangUon,  situated  under  the  in- 
teguments at  the  back  of  the  neck,  form  a  circle 
of  nerves,  analogous  to  that  which  surrounds  the 
cesophagus  in  the  moUusca :  from  this  circle  two 
slender  nervous  filaments  are  sent  off  to  the 
head,  and  a  larger  branch  to  the  abdominal  sur- 
face of  the  body.     The  discovery  of  a  regular 
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Structure  of  muscular  bands  of  fibres,  in  these 
animalcules,  is  a  further  evidence  of  the  cmi- 
nexion  which  exists  between  nerves  and  muscles. 
We  again  meet  with  traces  of  nervous  fila- 
ments,  accompanied  also  with  muscular  bands  of 
fibres,  in  some  of  the  more  highly  organized 
Eniozoa.  In  the  Ascaria,  or  long  round  worm, 
a  slender  and  apparently  single  filament  is  seen 
passing  forwards,  along  the  lower  side  of  the 
abdomen,  till  it  reaches  the  oesophf^us,  where  it 
splits  into  two  branches,  one  passing  on  each 
side  of  Uiat  tube,  but  widiout  exhibiting  any 
ganglionic  enlargement.  This  may  be  consi- 
dered as  the  first  step  towards  the  particular 
form  of  the  nervous  system  of  the  higher  classes 
of  articulated  animals,  where  the  principal  ner- 
vous cord  is  obviously  double  throughout  its 
whole  length,  or,  if  partially  united  at  different 
points,  it  is  always  readily  divieible  into  two,  by 
careful  manipulation.  In  addition  to  this  cha- 
racteristic feature,  these  cords  present  vi  their 
course  a  series  of  enlaigements,  appearing  like 
knots;  one  pair  of  these  generally  corresponding 
to  each  of  the  s^ments  of  the  body,  and  sending 
off,  as  from  a  centre,  branches  in  various  direc- 
tions. It  is  probable  that  these  knots,  or  ganglia, 
perform,  in  each  segment  of  the  worm,  an  office 
analogous  to  that  of  the  brain  and  special  mar- 
row of  vertebrated  animals,  serving  as  centres  of 
nervous,  and  perhaps  also  of  sensorial  powers. 
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Many  facts,  indeed,  tend  to  show  that  each 
segment  of  the  body  of  articulated  animals,  of 
an  annular  structure  and  cylindric  form,  such  as 
the  ]ong  worms  and  the  myriapoda,  has  in  many 
respects  an  independent  sensitive  existence,  so 
that  when  the  body  is  divided  into  two  or  more 
parts,  each  portion  retains  both  the  faculty  of 
sensation,  and  the  power  of  voluntary  motion. 
As  far  as  we  can  ju<^e,  however,  the  only  ex- 
ternal sense  which  is  capable  of  being  exercised 
by  this  simple  form  of  nervous  system,  is  that  of 
touch ;  all  the  higher  senses  evidently  requiring 
a  much  more  developed  and  concentrated  o^a- 
nization  of  nervoim  ganglia. 

In  this  division  of  the  animal  kingdom,  the 
primary  nervous  cords  always  para  along  the 
middle  of  the  lower  suiface  of  the  body,  this 
being  the  situation  which,  in  the  absence  of  a 
vertebral  bony  column,  affords  thesm  the  best 
protection.  They  may  be  considered  as  ana- 
Ic^ous  to  the  spinal  marrow,  and  as  serving  to 
unite  the  series  of  ganglia,. through  which  they 
pass,  into  one  connected  system.  On  arriving 
at  the  oesophagus,  they  form  round  it  a  circle,  or 
collar,  studded  with  ganglia,  of  which  the  up- 
permost, or  that  nearest  the  head,  is  generally  of 
greater  size  than  the  rest,  and  is  termed  the 
oesophageal,  cephalic,  or  cerebral  ganglion,  being 
usually  regarded  as  analogous  to  the  brain  of 
larger  animals.     Perhaps  a  more  correct  view  of 
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its  functions  would  be  conveyed  by  calling  it  the 
principal  brain,  and  coneidering  the  otlier  ganglia 
assubordinate  brains.  This  lai^e  ganglion, which 
supplies  an  abundance  of  nervous  filaments  to 
every  part  of  the  head,  seems  to  be  the  chief 
oi^an  of  the  higher  senses  of  vision,  of  hearing, 
of  taste,  and  of  smell,  and  to  be  instrumental  in 
combining  their  impressions,  so  as  to  constitute 
an  individual  percipient  animal,  endowed  with 
th<we  active  powers  which  are  suited  to  its  rank 
in  the  scale  of  being. 

Such  is  the  general  form  of  the  nervous  syst^n 
in  all  the  Annelida :  but  in  the  higher  orders  of 
Articulaia  we  find  it  exhibiting  various  degrees 
of  concentration.  The  progress  of  this  concen- 
tration is  most  distinctly  traced  in  the  Crustacea* 
One  of  the  simplest  forms  of  these  organs  occurs 
in  a  little  animal  of  this  class,  which  is  often 
found  in  immense  numbers,  spread  over  tracts  of 
sand  on  the  sea  shore,  and  which  is  called  the 
439^^^^  Talitms  locusta,  or  Sand-hopper, 
(Fig.  438).  The  central  parts 
of  its  nervous  system  are  seen 
in  Fig.  439,  which  represents  the  abdominal  side 
of  this  animal  laid  open,  and  magnified  to  twice 
the  natural  size.  The  two  primary  nervous 
cords,  which  run  in  a  longitudinal  direction,  are 

*  See  the  account  or  tbe  researches  of  Victor  Audouin,  and 
H.  M.  Edwards,  on  this  subject,  given  in  the  Ann.  des  So.  Nat. 
xix.  181. 
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here  perfectly  distinct  from  ODe  another,  and 
even  separated  by  a  small  interval :  they  present 
a  series  of  ganglia,  which  are  nearly  of  equal 
size,  and  equidistant  from  one  another,  one  pair 
corresponding  to  each  s^ment  of  the  body,* 
and  united  by  transverse  threads:  and  other 
filaments,  diverging  laterally,  proceed  from  each 
ganglion.  During  the  progress  of  growth,  the 
longitudinal  cords  ap^H'oaeh  somewhat  nearer  to 
each  other,  but  still  remain  perfectly  distinct. 


The  first  pair  of  ganglia,  or  the  cephalic,  have 
been  considered,  though  improperly,  as  the 
brain  of  the  animal. 

The  next  step  in  the  gradation  occurs  in  the 


*  These  segments  are  numbered  in  this  aod  the  followiog' 
figure  in  their  proper  order,  beginning  with  that  near  the  head. 
A  is  the  exteraal  antenna ;  a,  the  internal  antenna ;  and  e,,  the 
eye. 
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Phfllosoma  (Leach),  where  the  ganglia  compoft- 
ing  each  pair  in  the  abdomen  and  tn  the  head, 
are  united  into  single  masses,  while  those  in  the 
thoracic  r^ion  are  still  double.  In  the  Cymo- 
thoa  (Fab.),  which  belongs  to  the  family  of 
Oniscus,  there  is  the  appearance  of  a  single  chain 
of  ganglia,  those  on  the  one  side  having  coa- 
lesced with  those  on  the  other ;  each  pair  com- 
posing a  single  ganglion,  situated  in  the  middle 
line ;  while  the  longitudinal  cords  which  connect 
them  still  remain  double,  as  is  shown  in  Fig.  440, 
which  represents  the  interior  of  this  crustaceous 
animal,  nearly  of  the  natural  size.  But  in  the 
higher  orders  of  cmstacea,  as  in  the  Lobster, 
these  longitudinal  conU  are  themselves  united  in 
the  abdominal  region,  though  still  distinct  in  the 
thorax. 

In  following  the  ascending  series  of  crustace- 
ous  animals,  we  observe  also  an  approximation 
of  the  remoter  ganglia  towards  those  netat  the 
centre  of  the  body :  this  tendency  already  shows 
itself  in  the  shortening  of  the  hinder  part  of  the 
nervous  system  of  the  Cymothoa,  as  compared 
with  ih.eTaliti'us;  and  the  concentration  proceeds 
farther  in  other  tribes.  In  the  Pdleman,  for 
example,  most  of  the  thoracic  ganglia,  and  in  the 
PtUinums  (Fab.),  all  of  them,  have  coalesced 
into  one  large  oval  mass,  perforated  in  the 
middle,  and  occupying  the  centre  of  the  thorax  ; 
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and  laatiy,  in  the  Maia  squinado,  or  Spider 
Crab  (Fig.  441),*  this  mass  acquires  still  greater 
compactness,  assumes  a  more  globular  form,  and 
has  no  central  perforation. 


These  different  forms  of  structure  are  also 
exemplified  in  the  pr<^ress  of  the  developement 

*  In  this  figure  are  seen  the  great  thoracic  gaoglion  (b),  from 
which  proceed  the  niperior  thoracic  nerves  (t),  those  to  the 
PoK  feet  (r),  to  the  hinder  £eet  (f),  and  the  abdomiDal  nenoua 
trunk  (it) ;  the  cephalic  ganglion  (c),  communicating  by  means 
of  two  nervous  cords  (o),  which  surround  the  oesophagus  and 
entrance  into  the  stomach  (s),  with  the  thoracic  ganglion  (b)  ; 
and  sending  off  the  optic  nerve  (e)  to  the  eyes  (e),  and  the  motor 
nerves  (m),  to  the  muscles  of  those  organs ;  and  also  the  nerves 
(a)  to  the  internal  antennn,  and  the  nerves  (x)  to  the,  external 
antennn  (a). 

VOL.  II.  N  N 
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of  the  higher  Crustacea :  thus,  in  the  Lobster,  the 
early  condition  of  the  nervous  system  is  that  of 
two  separate  parallel  cords,  each  haying  a  dis- 
tinct chain  of  ganglia,  as  is  the  case  in  theTali- 
truB :  then  the  cords  are  observed  gradually  to 
approximate,  and  the  ganglia  on  each  side  to 
coalesce,  as  represented  in  the  Cymothoa:  and 
at  the  period  when  the  limbs  begin  to  be  deve- 
loped, the  thoracic  ganglia  approach  one  ano- 
ther, unite  in  clusters,  and  acquire  a  rapid  en- 
largement, preparatory  to  the  growth  of  the 
extremities  from  that  division  of  the  body,  the 
abdominal  ganglia  remaining  of  the  same  size  as 
before.  The  cephalic  ganglion,  which  was  ori- 
ginally double,  and  has  coalesced  into  one,  is 
also  greatly  developed,  in  correspondence  with 
the  growth  of  the  organs  of  sense.  The  next 
remarkable  change  is  that  taking  place  in  the 
hinder  portions  of  the  nervous  cords,  which  are 
shortened,  at  the  same  time  that  their  ganglia 
are  collected  into  lai^er  masses,  preparatory  to 
the  growth  of  the  tail  and  hinder  feet ;  so  that 
throughout  the  whole  extent  of  the  system  the 
numbCT  of  ganglia  diminishes  in  the  prog^ress'  of 
developement,  while  their  size  is  augmented. 

All  Insects  have  the  nervous  system  con- 
structed on  the  same  general  model  as  in  the 
last  mentioned  classes ;  and  it  assumes,  as  in  the 
Crustacea,  various  degrees  of  concentration  ill 
the  different  stages  of  developement.    As  an 
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example  we  may  take  the  nerrous  system  of  the 
Sphinx  ligustri,  of  which  representatioDB  are 
given  in  the  larvB,  pupa,  and  imago  states, 
wholly  detached  from  the  body,  and  of  their 
natural  size,  in  Figures  442,  443,  and  444.* 


*  Hiese  figures  were  drawn  by  Mr.  Newport,  from  origioAl 
prepftrationB  made  by  himself,  llie  same  ouinbert  in  each  refer 
to  the  sRme  parts ;  so  that  by  comparing  the  figures  vith  one 
another,  a  judgment  may  be  formed  of  the  changes  of  size  and 
situation  which  occur  in  the  piogress  of  the  principal  transfor- 
tnttionB  of  the  insect.  Numben  1  to  1 1  indicate  the  series  of 
ganglia  which  are  situated  along  the  under  side  of  the  body,  and 
beneath  the  alimentary  canal.  Of  these  the  first  fiTe  are  the 
thoracic,  and  the  last  six  the  abdominal  ganglia ;  while  the  ce- 
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This  system  in  the  lanra  (Fig.  442)  has  the 
same  simple  form  as  in  the  Annelida,  or  in  the 

pbalic,  or  cerebral  gaaglion  (17)  it  situated  above  the  cesophagus 
and  dorsal  *euel,  and  communicates  by  two  Derrous  cords  with 
thefintofthe  aeries,  or  sub- oesophageal  gaDghon(l),  which  is,  in 
e?eT7  stage  of  the  insect,  contained  within  the  head,  and  distri- 
butea  nerves  to  the  parts  about  the  mouth.  The  next  gai^ion 
(2)  becomes  obliterated  at  a  late  period  of  the  change  from  the 
pupa  to  the  imago  state :  the  third  (3)  remains,  but  the  two 
next  (4,  5)  coalesce  to  form,  in  the  imago,  the  large  thoracic 
ganglimi ;  v^ile  the  two  which  follow  (6  and  7),  become  wholly 
obliterated  before  the  insect  attains  tbe  imago  state,  the  interven- 
ing cords  becoming  shorter,  and  being,  with  the  nerves  tbe;  send 
out,  carried  forwards.  The  last  four  (8, 9,  10,  ll)ofiheabdo- 
minal  ganglia  remain,  with  but  little  alteration,  in  all  the  stages 
of  metamoiphosis :  in  the  larva,  they  supply  nerves  to  the  false 
feet.  The  nerves  (13, 1 3)  which  supply  the  wings  of  the  imago, 
are  verysmall  in  the  larva;  and  they  arise  bytworoots.ooederived 
from  the  cord,  and  one  from  the  gimglion.  The  nerves  sent  to 
the  three  pair  of  anterior,  or  true  1^,  are  marked  14, 15,  16. 

Tbe  nervous  system  of  the  larva  is  exhibited  in  Fig.  443,  that 
of  the  pupa  in  Fig.  443,  and  that  of  tbe  imago  in  Fig.  444.  It 
will  be  seen  that  in  the  pupa  the  abdominal  ganglia  are  but  little 
changed ;  bnt  those  situated  more  forward  (6,  7)  are  brought 
cloaer  bother  by  the  shortening  of  the  intervening  cord,  prepa- 
ratory to  their  final  obliteradon  in  the  imago ;  a  change  which 
those  in  front  of  them  (4,  5)  have  already  undergone.  The  pro- 
gresrive  derelopement  of  the  optic  (18)  and  antennal  (19)  nerves 
may  also  be  traced.  Mr.  Newport  has  also  traced  a  set  of  nerves 
(20)  which  aiise  from  distinct  roots,  and  which  he  found  to  be 
constantly  distributed  to  the  organs  of  respiration. 

A  detailed  account  of  the  anatomy  of  the  nervous  system  of  tfa« 
i%Atiu  Kffustri,  and  of  the  changes  it  nndeigoea  up  to  a  certaia 
period,  is  given  by  Mr.  Newport  in  a  paper  in  tbe  Phil.  Trans,  far 
1832,  p.  383.  He  has  since  completed  the  inquiry  to  the  last 
tiaasformation  of  this  and  other  insects,  and  has  lately  presented 
to  the  Royal  Society  an  account  of  his  researches. 
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Talitnis,  for  it  consists  of  a  loi^tudinal  series  of 
ganglia,  usually  twelve  or  thirteen  in  number* 
connected  in  their  whole  length  by  a  double 
filament.  By  degrees  the  different  parts  of 
which  it  consists  approach  each  other,  the  tho- 
racic ganglia,  in  particxilar,  coalescing  into 
larger  masses,  and  becoming  less  numerous, 
some  being  apparently  obliterated ;  the  whole 
cord  becomes  in  consequence  shorter,  and  the 
abdominal  ganglia  are  carried  forwards.  The 
optic  nerves  are  greatly  enlarged  during  the 
latter  stages  of  transformation,  and  are  often 
each  of  greater  magnitude  than  the  brain  itself. 
A  set  of  nerves  has  also  been  discovered,  the 
course  of  which  is  peculiar,  and  appears  to  cor- 
respond with  the  sympathetic  or  ganglionic  sys- 
tem of  nerves  in  vertebrated  animals,  while 
another  nerve  resembles  in  its  mode  of  distri- 
bution, the  pnetimO'gastric  nerve,  or  par  vagum. 
Very  recently  Mr.  Newport  has  distinctly  traced 
a  separate  nervous  tract,  which  he  conceives 
gives  origin  to  the  motor  nerves,  while  the 
subjacent  column  sends  out  the  nerves  of  sen- 


In  the  next  great  division  of  the  animal  king- 
dom, which  includes  all  molluscous  animab, 
the  nervous  ganglia  have  a  circular,  instead  of 
a  longitudinal  arrangement.  The  first  example 
of  this  type  occurs  in  the  Asterias,  where  the 
nervous  system  (Fig.  445)  is-  composed  of  small 
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ganglia,  equal  in  number  to  the  rays  of  the 
animal,  and  disposed  in  a  circle  round  the  cen- 
tral aperture  or  month,  but  occupying  utuations 
intermediate  between  each  of  the  rays.  A  nerve 
is  sent  off  from  both  sides  of  each  ganglion,  and 
passes  along  the  side  of  the  rays,  each  ray 
receiving  a  pair  of  these  nerves.  In  the  Holo- 
thuria    there   is  a  similar    chain    of    gaDglia, 


^>Mf^ 


encircling  the  oesophagus ;  and  the  same  mode 
of  arrangement  prevails  in  all  the  bivalve  Mol~ 
lusca,  except  that,  besides  the  oesophageal  ganglia, 
others  are  met  with,  in  different  parts  of  the 
body,  distributing  branches  to  the  viscera,  and 
connected  with  one  another  and  with  the  oeso- 
phageal ganglia  by  filaments,  so  as  to  form  with 
them  one  continuous  nervous  system.     In  the 
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Gasteropoda,  which  are  furnished  with  a  distinct 
head,  and  (Hrgans  of  the  higher  senses,  (such  as 
the  Aplasia,  of  which  the  nervous  system  is  ex- 
hibited in  Fig.  446),  there  is  generally  a  special 
cephalic  ganglion  (c),  which  may  be  supposed  to 
serve  the  office  of  brain/  In  others,  again,  as 
in  the  Patella  (Fig.  447),  the  cephalic  ganglion 
is  scarcely  discernible,  and  its  place  is  supplied 
by  two  lateral  ganglia  (l,  l)  ;  and  there  is  be- 
sides a  transverse  ganglion  (t),  below  the  oeso- 
phagus. The  cephalic  ganglion,  on  the  other 
hand,  attains  a  considerable  size  in  the  Cepha- 
lopoda (c,  Fig.  448),  where  it  has  extensive  con- 
nexions with  all  the  parts  of  the  head :  the 
optic  ganglia  (o,  o),  in  particular,  are  of  very 
great  size,  each  of  them,  singly,  being  larger 
than  the  brain  itself. "f 

*  This  figure  alsoshowsagang^ion  (a),  which  is  placed  higher, 
and  communicateB  by  lateral  filaments  with  the  cephalic  gaDglion 
(c) ;  two  lateral  ganglia  (l,  l),  of  great  size ;  and  a  large  abdo- 
minal ganglion  (o). 

t  Some  peculiarities  in  the  structure  of  the  ceplialic  ganglion 
of  the  Sepia  have  been  supposed  to  indicate  an  approach  to  the 
vertebrated  structure;  for  this  ganglion,  together  with  the  laby~ 
Ttnth  of  the  ear,  is  enclosed  in  a  cartilaginous  ring,  perforated  at 
the  centre  toallowof  the  passage  of  tbecBsopbagus,  and  imagined 
to  be  -analogous  to  a 
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§  2.  Nervous  System  of  Vertebrated  Animals. 

The  characteristic  type  of  the  nervous  system  of 
vertebrated  animals  is  that  of  an  elongated  cy- 
linder of  nervona  matter  (h  z,  Fig.  449),  ex- 
tending down  the  back,  and  lodged  in  the  canal 
formed  by  the  grooves  and  arches  of  the  verte- 
brse.  It  has  received  the  name  of  spinal  marrow, 
or  more  properly  spinal  cord :  and,  (aa  is  seen  in 
the  transverse  section.  Fig.  450),  is  composed  of 
six  parallel  columns,  two  posterior,  two  middle, 
and  two  anterior,  closely  joined  together,  but 
leaving  frequently  a  central  canal,  which  is  filled 
with  fluid.  On  each  side  of  the  spinal  cord,  and 
between  all  the  adjacent  vertebrae,  there  proceed 
two  sets  of  nervous  filaments,  those  which  are 
continuous  with  the  posterior  columns  (p),  being 
appropriated  to  the  function  of  sensation ;  and 
those  arising  from  the  anterior  columns  (a),  being 
subservient  to  voluntary  motion.  The  former, 
soon  after  their  exit  from  the  spine,  pass  through 
a  small  ganglion  (o),  and  then  unite  with  the 
nerves  from  the  anterior  column,  composing,  by 
the  intermixture  of  their  fibres,  a  single  nerv- 
ous trunk  (n),  which  is  afterwards  divided  and 
subdivided  in  the  course  of  its  farther  distribu- 
tion, both  to  the  muscular  and  the  sentient 
organs  of  the  body.  Each  of  these  spinal  nerves 
also  sends  branches  to  the  ganglia  of  the  sympa- 
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thetic  nerve,  which,  as  was  formerly  described, 
passes  down  on  each  side,  parallel  and  near 
to  the  spine. 

Enlargements  of  the  spinal  marrow  are  ob- 
serred  in  those  parts  (v  and  l,  Fig.  449),  which 
supply  the  nerves  of  the  extremities,  the  increase 
of  diameter  being  proportional  to  the  size  of  the 
Umbs  requiring  these  nerves.  In  Serpraits, 
which  are  wholly  destitute  of  limbs,  the  spinal 
marrow  is  not  enlaced  in  any  part,  but  is  a 
cylindrical  column  of  uniform  diameter.  In 
Fishes,  these  enlargements  are  in  proportion  to 
the  relative  size  and  muscularity  of  the  lateral 
fins,  and  correspond  to  them  in  their  situation. 
The  Piper  Gurnard  (Trigla  lyra),  which  is  a 
species  of  flying  fish,  having  very  large  pectoral 
fins,  that  portion  of  the  spinal  marrow  supplying 
their  muscles  with  nerves  (as  se^i  in  the  space 
between  m  and  s.  Fig.  451),  has  numerous  en- 
largements, presenting  a  double  row  of  tubercles. 
Fishes  which  possess  electrical  organs  have  a 
considerable  dilatation  of  the  spinal  marrow, 
answering  to  the  la^e  nerves  which  are  dis- 
tributed to  those  oigans.  Birds  which  fly  but 
imperfectly,  as  the  Gallinaceous  tribe  and  the 
Scansores,  have  the  posterior  enlargement  much 
greater  than  the  anterior ;  a  disproportion  which 
is  particularly  remarkable  in  the  Ostrich.  On 
the  contrary,  the  anterior  enlargement  is  much 
moro  considerable  than  the  posterior  in  birds 
which  have  great  power  of  flight.    In  the  Dove, 
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of  Thich  the  brain  and  whole  extent  of  the 
spinal  marrow  are  shown  in  Fig.  449,  the  en- 
tailments (w  and  l)  corresponding  to  the  wings 
and  legs  rrapectirely,  are  neaiiy  of  equal  size. 
Id  Qnadrupeds,  we  likewise  find  the  relative  size 
of  these  enlargements  corref^nding  to  that  of 
fore  and  hind  extremities.  When  the  latter  are 
absent,  as  in  the  Cetacea,  the  posterior  dilatation 
does  not  exist 

The  brain  (b)  may  be  regarded  as  an  expan- 
sion of  the  anterior  or  upper  end  of  the  spinal 
marrow ;  and  its  magnitude,  as  well  as  the 
relative  size  of  its  several  parts,  vary  much 
in  the  different  classes  and  families  of  ver- 
tebrated  animals.  This  will  appear  from  the 
inspection  of  the  figures  I  have  given  of  this 
organ  in  various  species,  selected  as  specimens 
irom  each  class,  viewed  from  above ;  and  in  cdl 
of  which  I  have  indicated  corresponding  parts 
by  the  same  letters  of  reference. 

The  portion  (h)  of  the  brain,  which  appears 
as  the  immediate  continuation  of  the  spinal 
marrow  (s),  is  termed  the  medulla  oblongata. 
The  single  tubercle  (c),  arising  from  the  ex- 
pansion of  the  posterior  columns  of  the  spinal 
marrow,  is  termed  the  cerebellum,  or  little  brain. 
Next  follow  the  pair  (t)  which  are  termed  the 
lyttic  tubercles,  or  lobes,*  and  appear  to  be  pro- 

*  In  the  Mammalia,  and  in  Man,  they  hare  been  often  desig;- 
nat«d  by  the  very  inappropriate  name  of  Corpora  guadri- 
gemina. 
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ductioQS  from  the  middle  columns  of  the  spinal 
marrow.  These  are  succeeded  by  another  pair 
of  tubercles  (h),  which  are  called  the  cerebral 
hemispheres,  and  the  origin  iof  which  may  be 
traced  to  the  anterior  columns  of  the  spinal 
marrow.  There  is  also  generally  found,  in  front 
of  the  hemispheres,  another  pair  of  tubercles  (o), 
which,  being  connected  with  the  nerves  of  smell- 
ing, have  been  called  the  olfactory  lobes,  or 
tubavles.*  These  are  the  principal  parts  of  the 
cerebral  mass  to  be  here  noticed ;  for  I  pur- 
posely omit  the  mention  of  the  minuter  divisiona, 
which,  though  they  have  been  objects  of  much 
attention  to  anatomists,  unfortunately  fnmisfa  no 
assistance  in  understanding  the  physiology  of 
this  complicated  and  wonderful  organ. 

On  comparing  the  relative  proportions  of  the 
brain  and  of  the  spinal  marrow  in  the  four 
classes  of  vertebrated  anJmala,  a  pri^^sire  in- 
crease in  the  size  of  the  former  will  be  observed 
as  we  ascend  from  Fishra  to  Reptiles,  Birds, 
and  Mammalia.  This  increase  in  the  magnitude 
of  the  brain  arises  chiefly  from  the  enlai^ement 
of  the  cerebral  hemispheres  (h),  which  in  the 
inferior  orders  of  fishes,  as  in  the  Trigla  fyra,  or 
Piper  Gurnard  (Fig.  451),  and  in  the  Murana 
conger,  or  Conger  Eel  (Fig.  452),  are  scarcely 

*  Several  cavities,  termed  Ventricles,  are  occasionally  found 
in  the  interior  of  the  principal  tubercles  of  the  brain ;  but  tbew 
use  is  unknown. 
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discernible.  They  are  very  small  in  the  Perca 
fluviatilis,  or  common  Perch  (Fig.  453) ;  but 
more  developed  in  Beptiles,  as  in  the  Teatudo 
mydas,  or  Green  Turtle  (Fig.  454),  and  in  the 
Crocodile  (Fig.  455) ;  and  still  more  bo  in  Birds,  as 
is  seen  in  the  brain  of  the  Dove  (Fig.  449) ;  but 
most  of  all  in  Mammalia,  as  is  exemplified  in 
the  brain  of  the  Lion  (Fig.  456).  On  the  other 
hand,  the  optic  tubercles  (t)  are  largest,  com- 
pared with  the  rest  of  the  brain,  in  Fishes ;  and 
their  relative  size  diminishes  as  we  ascend  to 
Mammalia:  and  the  same  observation  applies 
also  to  the  olfactory  lobes  (o). 

The  relative  positions  of  the  parts  of  the  brain 
are  much  influenced  by  their  proportional  deve- 
lopement.  This  will  be  rendered  manife^  by 
the  lateral  views  of  the  brains  of  the  Perch,  the 
Turtle,  the  Dove,  and  the  Lion,  presented  in 
Figures  457,  458,  459,  and  460,  respectively, 
where  the  same  letters  are  employed  to  designate 
the  same  parts  as  in  the  preceding  figures.  In 
Fishes,  all  the  tubercles  which  compose  this 
oi^an,  are  disposed  nearly  in  a  straight  line, 
continuous  with  the  spinal  marrow,  of  which,  as 
they  scEircely  exceed  it  in  diameter,  they  appear 
to  be  mere  enlargements.  As  the  skull  expands 
more  considerably  than  the  brain,  this  organ 
does  not  fill  its  cavity,  but  leaves  a  lai^e  space, 
fiilled  with  fluid.  Some  degree  of  shortening, 
however,  may  be  perceived  in  the  brain  of  the 
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Perch  (Fig.  467) ;  for  the  medulla  obloDgata  (m) 
is  doubled  underneath  the  cerebellum  (c),  pul- 
ing it  upwards,  and  rendering  it  more  prominent 
than  the  other  tubercles.  This  folding  inwards, 
and  shortening  of  the  whole  mass,  proceeds  to  a 
greater  extent  as  we  trace  the  structure  upwards, 
as  may  be  seen  in  the  brain  of  the  Green  Turtle 
(Fig.  456).  In  that  of  Birds,  of  which  Fig.  459 
presents  a  vertical  section,  the  optic  tubercles 
have  descended  from  their  former  place,  and 
assumed  a  lateral  position,  near  the  lower  sur- 
face of  the  brain,  lying  on  each  side  of  the 
medulla  oblongata,  at  the  part  indicated  by  the 
letter  t.  In  Mammalia,  as  in  the  Lum  (Fig. 
460),  they  are  lodged  quite  in  the  interior  of  the 
organ,  and  concealed  by  the  expanded  baaoi- 
spheres  (h)  ;  their  position  only  being  marked 
by  the  same  letter  (t).  These  changes  are  con- 
sequences of  the  increasing  developement  of  the 
brain,  compared  with  that  of  the  cavity  in  which 
it  is  contained,  requiring  every  part  to  be  more 
closely  packed ;  thus  the  layers  of  the  hemi- 
spheres in  Mammalia  are  obliged,  from  their 
great  extent,  to  be  plaited  and  folded  on 
one  another,  presenting  at  the  surface  curious 
windings,  or  convolutions,  as  they  are  called 
(seen  in  Fig.  456),  which  do  not  take  place 
in  the  hemispheres  of  the  inferior  classes.  The 
foldings  of  the  substance  of  the  cerebellum  pro- 
duce, likewise,  even  in  birds,  transverse  furrows 
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on  the  surface;  and  from  the  interpositic 
substance  of  a  grey  colour  between  the  1; 
of  the  white  medullary  matter,  a  section 
cerebellum  presents  the  curious  appe; 
(seen  in  Fig.  459),  denominated,  from  its  £ 
resemblance  to  a  tree,  the  Arbor  Vitte. 

Thus  far  we  have  followed  an  obvious  gra  i 
in  the  derelopement  and  concentration  of  ti  i 
ferent  parts  of  the  brain  :  but  on  arriving  al  i 
the  continuity  of  the  series  is  suddenly  disl  i 
by  the  great  espansion  of  the  hemisp  i 
(Fig.  461),  which,  compared  with  those  of  i 
rupeds,  bear  no  sort  of  proportion  to  the  i  i 
the  nervous  system.  Both  Aristotle  and  ' 
have  asserted  that  the  absolute,  as  well  i  < 
comparative  size  of  the  human  brain  is  g  i 
than  in  any  other  known  animal :  excep  i 
however,  occur  in  the  case  of  the  Elephant 
also  in  that  of  the  TTAa/e,  whose  brains  are  cen  i 
o£  greater  absolute  bulk  than  that  of  man. 
all  the  large  animals,  with  which  we  are  fami  i 
acquainted,  have  brains  considerably  smallt  i 
will  readily  appear  from  an  examination  of  I 
skulls,  which  are  narrow  and  compressed  a : 
part  occupied  by  the  brain  ;  the  greater  p; , 
the  head  being  taken  up  by  the  developemc  i 
the  face  and  jaws.  In  Man,  on  the  other  I 
the  bones  of  the  skull  rise  perpendicularly  : 
the  forehead,  and  are  extended  on  each  sic 
as  to  form  a  capacious  globular  cavity  for 
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reception  and  defence  of  this  most  important 
organ.  It  is  chiefly  from  the  expansion  of  the 
hemispheres,  and  the  developement  of  its  convo- 
lutions, that  the  human  brain  derives  this  great 
augmentation  of  size.* 


*  This  will  be  appareat  from  the  vertical  section  of  the  human 
brain.  Fig.  461 ;  where,  as  berore,  »  is  the  spinal  marrow;  m, 
the  medulla  oblon^ta;  c,  the  cerebellum,  with  the  arbor  vita; 
T,  the  optic  tubercle*,  or  corpora  quadrigeniina,  dwindled  to  a 
very  small  size,  compared  with  their  bulk  in  &sbes;  p,  the 
pineal  ^and,  supposed  by  Des  Cartes  to  be  the  seat  of  the 
■oul;  V,  one  of  the  lateral  ventricles;  q,  the  corpus  callosum; 
and  a,  a,  u,  the  hemispheres. 

Several  expedients  have  been  proposed  for  estimating  the 
relative  size  of  the  brain  in  different  tribes  of  animals,  with  a 
view  of  deducing  conclusions  as  to  the  constancy  of  the  relation 
which  is  presumed  to  exist  between  its  greater  magnitude  and 
the  possession  of  higher  intellectual  faculties.  The  most  cele- 
brated is  that  devised  by  Camper,  and  which  he  termed  the 
facial  angle,  composed  of  two  lines,  one  drawn  in  the  direction 
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§  3.  Functions  of  the  Sram. 

Physiolooists  have  in  all  ages  sought  for  an 
elucidation  of  the  functions  of  the  brain  by  the 
accurate  examination  of  its  structure,  which 
evidently  cousists  of  a  congeries  of  medullary 
fibres,  arranged  in  the  most  intricate  manner. 
Great  pains  have  been  bestowed  in  unraTdiUng 
the  tissue  of  these  fibres,  in  the  hope  of  dis- 
covering some  clue  to  the  perplexing  labyrinth  of 
its  organization :  but  nearly  all  that  has  been 
learned  from  the  laborious  inquiry,  is  that  the 
fibres  of  the  brain  are  continnous  with  thosQ 
which  compose  the  columns  of  the  spinal 
marrow ;  that  they  pass,  in  their  course,  through 
masses  of  nervous  matter,  which  appear  to  be 
analc^ous  to  ganglia ;  and  that  their  remote 
extremities  extend  to  the  surface  of  the  convo; 
lutions  of  the  brain  and  cerebellum,  which  are 
composed  of  a  softer  and  more  transparent  grey 
matter,  termed  the  cortical  or  dneritiom  sub- 
stance of  the  brain. 

of  the  basis  of  the  ilcoll,  from  the  ear  to  the  roots  of  the  upper 
incisor  teetb,  and  the  other  from  the  latter  point,  touching 
the  most  projectiag  i»rt  of  the  forehead.  Camper  conceived 
that  the  magnitude  of  this  angle  would  correctly  indicate  the 
size  of  the  brain,  as  compared  with  the  organs  of  the  prindpal 
senses  which  compose  the  face :  but  the  fallacy  of  this  criterioi) 
of  animal  sagacity  has  been  shown  in  a  great  many  cases. 
VOL.  II.  O  O 
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It  is  a  remarkable  &ct,  that  in  vertebrated 
animals  all  the  oigaos  which  are  subserrient  to 
the  Bensorial  functions  are  double,  those  on  one 
aide  being  exactly  amilar  to  those  on  the  other. 
We  see  this  in  the  eyes,  the  ears,  the  limbs,  and 
all  the  other  instruments  of  roluntaiy  motion ; 
and  in  like  manner  the  parts  of  the  nervous 
system  which  are  connected  with  these  functions 
are  all  double,  and  arranged  symmetrically  on 
the  two  sides  of  the  body.  The  same  law  of 
symmetry  extends  to  the  brain:  every  part  of 
that  01^^  which  is  found  on  one  side  is  repeated 
on  the  other ;  so  that,  strictly  speaking,  we  have 
two  brains,  as  well  as  two  optic  nerves  and  two 
eyes.  But  in  order  that  the  two  sets  of  fibres 
inay  co-operate,  and  constitute  a  single  organ  of 
sensation,  corresponding  with  our  consciousness 
of  individuality,  it  was  necessary  that  a  free 
communication  should  be  established  between 
the  parts  on  both  sides.  For  this  purpose  there 
is  provided  a  set  of  medullary  fibres,  passing 
directly  across  fnnn  one  side  of  the  brain  to  the 
other ;  these  constitute  what  are  called  the  Com- 
missures  of  the  Brain.* 

'  The  principal  commiMure  of  the  huiaan  braro,  called  the 
atrptu  eallomm,  ii  aeen  at  <i,  Fig.  461.  Dr.  Macartney,  in  a 
paper  which  he  read  at  the  late  meeting  at  Cambridge  of  the 
Bdtiih  AsMciaUon  for  the  Adrancement  of  Science,  described 
the  itractore  of  the  hnman  brain,  ai  diseoTered  by  hii  peculiar 
node  of  diaiection,   to  be  much  more  complicated  than  b 
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The  question,   however,  still  recurs;     ' 
relation  does  all  this  artificial  intertext 
aecumnlation  of  fibres  bear  to  the  taea 
rations  of  which  we   Ore  conscious,  s 
memory,    abstraction,  judgment,   imag    : 
T(^Hioo1    Ate  there  localities  set  apart 
difi^erent  ideas  in  the  stt>r^hou8e  of  the  c 
hemispheres,  titid  are  they  associated 
mateHal    channels    of  cobununicating       I 
Are  the  mental  phenomena  the  efiecte,     i 
formerly  supposed,  of  a  subtle  fluid,  or     < 
spirits,  circulating   with   great  velocity 
invisible  canals '  in  the  nervous  substam   : 
shall  we,  with  Hartley,  suppose  them  to     i 
results  of  vibrations  and  vibratiuncles,  ag  i 
in  succession  the  finer  threads  of  whic! 
mystic  web  has  been  constructed t    But: 
reflection  will  suffice  to  convince  us  that 
aiid  all  other  mechanical  hypotheses,  whi  I 
most  lancitul  imagination  can  devise,  mal  i 
the  smallest' appn^ch  to  a  solution  of  the 
culty ;  for  they,  in  fact,-  do  not  touch  th 
subject  to  be  explained,  namely,  how  the  : 
tions  of  a  material  substance  can  influenc 
be  influenced  by  an  immaterial  agent.    A) 

generally  supposed.  He  obserTed  that  iU  fibres  are  ini ' 
ID  the  most  intricate  manner,  reKmbling  the  plexuses  m 
among;  the  nerves,  and  establishing  the  most  extensi ' 
general  commuaications  between  vterj  part  of  the  <i 
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we  haTe  been  able  to  accomplish  haa  been  to 
trace  the  impressions  from  the  organ  of  sense 
along  the  communicating  nerre  to  the  sen- 
aorium  :  beyond  this  the  clue  is  lost,  and  we  can 
follow  the  process  no  fiirther. 

The  exact  locality  of  the  sensorium  has  been 
eagerly  sought  for  by  physiol<^ists  in  every  age. 
It  would  appear,  from  the  results  of  the  most 
recent  inquiries,  that  it  certainly  does  not  extend 
to  the  whole  mass  of  the  brain,  but  has  its  seat 
more  especially  in  the  lower  part,  or  basis  of 
that  organ.  It  differs,  however,  in  its  locality, 
in  different  classes  of  animals.  In  man,  and 
the  mammalia  which  approach  the  nearest  to 
him  in  their  structure,  it  occupies  some, part  <^ 
the  r^on  of  the  medulla  oblongata,  probably 
the  spot  where  most  of  the  nerves  of  senso  are 
observed  to  terminate.  In  the  lower  animals  it 
is  not  confined  to  this  region,  but  extends  to  the 
upper  part  of  the  spinal  marrow.  As  we  de- 
scend to  the  inferior  orders  of  the  animal  king- 
dom, we  find  it  more  and  more  extensively  dif- 
fused over  the  spinal  marrow ;  and  in  the  la- 
Tertebrata  the  several  ganglia  appear  to  be 
endowed  vrith  this  sensorial  property  :  ^ut, 
becoming  less  and  less  concentrated  in  single 
masses,  the  character  of  individuality  ceases  to 
attach  to  the  sensorial  phenomena;  until,  in 
Zoophytes,  we  lose  all  traces  of  ganglia  and  of 
nervous  filaments,  and  every  part  appears  to 
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possess  an  inherent  power  of  exciting  sensation, 
as  well  as  performing  muscular  contractions. 

Beyond  this  point  we  can  derive  no  further 
aid  Aom  Anatomy,  ance  the  intellectual  ope- 
rations of  which  we  are  cooBcious  bear  no  con- 
ceiTable  analogy  with  any  of  the  configurations 
or  actions  of  a  material  substance.  Although  - 
the  brain  is  constructed  with  evident  design,  and 
composed  of  a  number  of  curiously  wrought 
parts, '  we  are  utterly  unable  to  penetrate  the 
intention  with  which  they  are  formed,  or  to 
perceive  the  slightest  correspondence  which 
their  configuration  can  have  with  the  functions 
they  respectively  perform.  The  map  of  regions 
which  modem  Phrenologists  have  traced  on  the 
surface  of  the  head,  and  which  they  suppose  to 
have  a  relatitm  to  different  faculties  and  pro- 
pensities, does  not  agree  either  with  the  natural 
divisions  of  the  brain  or  with  the  metaphysical 
classification  of  mental  phenomena.*  Experi- 
ments and  pathological  observations,  however, 
seem  to  show  that  the  hemispheres  of  the  brain 
are  the  chief  instruments  by  which  the  intel- 
lectual operati<His  are  carried  on ;  that  the 
central  parts,  such  as  the  optic  lobes  and  the 

*  For  a  Bummary  of  the  doctrinee  of  Drs.  Gall  and  Spurzheini, 
I  beg  leave  to  refer  the  reader  to  aQ  account  which  1  drew  up, 
many  years  ago,  for  the  Encyclopeedia  Brilaanica,  and  which 
composed  the  article  "  Cranioscopt  "  in  the  lait  ■uppl«iiient 
to  tiul  workj  edited  by  Mr.  Napier. 
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medulla  oblmgata,  are  those  principally  ctm- 
cerned  in  sensation ;  and  that  the  cerebellum  is 
the  chief  sensorial  agent  in  voluatary  motion. 


^4.  Comparative  Ph^siohgy  of  Perception. 

Of  the  perceptions  of  the  lower  animalB,  -and  of 
the  laws  which  they  obey,  our  knowledge  must,  q£ 
necessity,  be  extremely  imperfect,  since  it  vaxiA 
be  derived  fzom  a  comparison  with  the  results  of 
our  own  sensitire  powers,  which  may  differ  very 
essentially  fhdn  those  of  the  subjects  of  our 
observation.  The  same  kind  of  oi^;aa  which,  in 
ourselves,  conveys  certain  definite  feelings,  may, 
when  modified  in  other  animals,  be  the  soiurce 
of  very  different  kinds  of  sensations  and  per- 
ceptions, of  which  our  minds  have  not  the  power 
to  form  any  adequate  conception.  Many  of  the 
qualities  of  surrounding  bodies,  which  escape 
our  more  obtuse  senses,  may  be  distinctly  per- 
ceived, in  all  their  gradations,  by  particular 
tribes  of  animals,  furnished  with  mote  delicate 
o^ans.  Many  quadrupeds  and  birds  possess 
powers  of  Vi»(Hi  incomparably  more  extensive 
than  our  owp ;  in  acuteness  of  hearing,  we  are 
excelled  by  a  great  number  of  animals,  and  in 
delicacy  of  taste  and  smell,  there  are  few  quad- 
rupeds which  do  not  far  surpass  us.     The  organ 
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oi  flmell,  in  particular,  is  often  spread  over  a 
vast  extent  of  surface,  in  a  cavity  occupyii^  the 
greatest  part  of  the  head ;  so  that  the  per- 
ceptions of  this  sense  must  be  infinitely  diver- 
sified. 

Bats  have  been  supposed  to  p<»se8S  a  peculiar, 
or  sixth  sense,  enabling  them  to  perceive  the 
situations  of  external  objects  without  the  aid 
either  of  vision  or  of  touch.  The  principal  facts 
upon  which  this  .opinion  has  been  founded  were 
discovered  by  Spallanzani,  who  observed  that 
these  animals  would  fly  about  rapidly  in  the 
darkest  chambers,  although  various  obstacles 
were  purposely  placed  in  their  way,  without 
striking  against  or  even  touching  th^n.  They 
continued  theb  flight  with  tbe  same  precision  as 
before,  threading  their  way  through  the  most 
intricate  pawuiges,  when  their  eyes  were  com- 
pletely covered,  or  even  destroyed.  Mr.  Jurine, 
who  made  many  experiments  on  these  animals, 
concludes  that  neither  the  senses  of  touch,  of 
hearing,  or  of  smell,  were  the  media  through 
which  bats  obtain  peiKeptions  of  the  presence 
and  situation  of  surrotmding  bodies;  but  he 
ascribes  this  extraordinary  faculty  to  the  great 
sensibility  of  the  skin  of  tiie  upper  jaw,  mouth, 
and  external  ear,  which  are  furnished  with  Tel*y 
large  nerves.* 

*  Sir  Anthony  Carlisle  attributes  thii  power  to  the  extreme 
delicacy  of  bearing  in  Ihit  animal. 
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The  wonderfiiL  acuteDess  and  povrer  of  di»- 
criiuinati<m  which  many  animals  exercise  in  the 
discovery  and  ejection  of  their  food,  has  cKfton 
su^;e8ted  the  existence  of  new  senses,  difier^it 
from  those  which  we  possess,  and  conveying 
peculiar  and  unknown  powers  of  percej^on. 
An  organ,  which  aj^ars  to  perform  some  sen- 
sitive function  of  this  kind,  has  been  discovered 
in  a  great  number  of  quadrupeds  by  Jacobson.* 
In  the  human  skeleton  there  exists  a  small  per- 
fwation  in  the  roof  of  the  mouth,  just  behind  the 
sockets  of  the  incisor  teeth,  forming  a  communi- 
cation with  the  under  and  fore  part  of  the  noe> 
trils.  This  canal  is  perceptible  only  in  the  dried 
bones ;  for,  in  the  living  body,  it  is  completely 
closed  by  the  membrane  lining  the  mouth,  which 
sends  a  prolongation  into  it:  but  in  quadrupeds* 
this  passage  is  pervious,  even  during  life,  and  is 
sometimes  of  considerable  width.  Jacobeon 
found,  on  examining  this  structure  with  atten- 
tion, that  the  canal  led  to  two  glandular  wgana 
of  an  obl<mg  shape,  and  enclosed  in  carti- 
laginous tubes ;  each  gland  has  in  its  centre  a 
cavity,  which  ccmimunicates  above  with  the 
general  cavity  of  the  nostrils.  These  organs  lie 
concealed  in  a  hollow  groove  within  the  bone, 
where  they  are  carefully  protected  from  injury : 
and  they  receive  a  great  number  of  nerves  and 

*  See  AnoalCHdu  Mu8^;  xvm..412. 
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blood-Vessels,  resembling    in    this    respc 
(H^;an8  of  the  senses.     Their  structure 
same  in  all  quadrupeds  in  which  they  hav    ! 
fflEamined ;  but  they  are  largest  in  the  fai 
the  liodentia,  and  next  in  that  of  the  Rumit    i 
in  the  Horse,  they  are  still  very  large,  b 
duct  is  not  pervious ;  while  in  carnivorous 
nipeds,  they  are  on  a  smaller  scale.     In 
keys,  they   may  still  be  traced,   althoug 
tremely  small,  appearing  to  form  a  link     i 
chain  of  gradation  connecting  this  tribe  wi 
human  race,   in  whom  every  vestige  of 
organs  has  disappeared,  excepting  the  ap  i 
in  the  bones  already  noticed.    Any  use  th  I 
be    attributed  to  these  singularly  const  i 
organs  must  evidently  be  quite  conjectural 
ample   supply  of   nerves  which    they  r 
would  indicate  their  performing  some  sei  \ 
function ;  and  their  situation  would  point 
out  as  fitdng  them  for  the  appreciation  of  o  i 
presented  to  the  mouth  to  be  used  as    ' 
hence  it  is  probable  that  the  perceptions 
convey  have  a  close  affinity  with  those  of  i 
and  taste. 

The  laiger  cartilaginous  fishes,  as  Shark 
Rays,  have  been  supposed  by  Treviranus 
endowed  with  a  peculiar  sense,  irom  their  h  i 
an  oi^n  of  a  tubular  structure  on  the  top  i ' 
head,  and  immediately  under  the  skin;  '.'. 
considers  it  as  conveying  sensations  intermci 


570  THE  SENSORIAL  PUNCTIONS. 

between  those  of  touch  and  hearing ;  while  De 
BlainTille  and  Jacobeon  regard  it  merely  as  the 
oi^n  of  a  finer  touch. 

The  perceptive  powers  of  Itueets  must  em- 
brace a  very  different,  and,  in  many  respects, 
more  extended  sphere  than  our  own.  These 
animals  manifest  by  their  actions  that  they  per- 
ceiTe  and  anticipate  atmospheric  changes,  of 
which  our  senses  give  us  no  information.  It  is 
'evident,  indeed,  that  the  impressiiHis  made  by 
external  objects  on  their  sentient  oijgans  must  be 
of  a  nature  widely  different  from  those  which  the 
same  objects  communicate  to  oursdves.  While 
with  r^ard  to  distance  and  magnitude  our  per- 
ceptious  take  the  widest  range,  and  aj^iear  infi- 
nitely extended  when  compared  with  those  oi 
insects,  yet  they  may,  in  other  respects,  be 
greatly  inferior.  The  delicate  discrimination  of 
the  more  subtle  affections  of  nmtter  is  perhaps 
compatible  only  with  a  minute  scale  of  organi- 
zation. Thus  the  varying  degrees  of  mcnsture 
or  dryness  of  the  atmosphere,  the  continual 
changes  in  its  pressure,  the  fluctuations  in  its 
electrical  state,'  and  various  other  physical  coa- 
ditions,  may  be  objects  of  distinct  percef>tion  to 
these  minute  animals.  Organs  may  exist  in 
them,  appropriated  to  receive  impressions,  of 
which  we  can  have  no  idea ;  and  <q>ening 
avenues  to  various  kinds  of  knowledge,  to  which 
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we  must  ever  remain  utter  strangers.  Art,  it  is 
true,  has  supplied  us  with  instruments  for  dis- 
covering and  measuring  many  of  the  properties 
of  matter,  which  our  unassisted  senses  are  in- 
adequate to  obserre.  But  neither  our  ther- 
mometers, nor  our  electroscopes,  our  hygro- 
meters, nor  our  galvanometers,  however  skilfully 
devised  or  elaborately  constructed,  can  vie  in 
delicacy  and  perfection  with  that  refined  appa- 
ratus of  the  senses,  which  nature  has  bestowed' 
on  the  minutest  insect.  There  is  reason  to 
believe>  as  Br.  WoUaston  has  shown,  that  the 
hearing  of  insects  comprehends  a  range  of  per- 
ceptions very  different  from  that  of  the  same 
sense  in  the  larger  animals ;  and  that  a  class  of 
vibrations  too  rapid  to  excite  our  auditory  nerves, 
is  perfectly  audible  ta  them.  Sir  John  Her- 
schel  has  also  very  clearly  proved  that,  if  we 
admit  the  truth  of  the  uudulatory  theory  of  light, 
it  is  easy  to  conceive  how  the  limits  of  visible 
ctdour  may  be  established ;  for  if  there  be  no 
nervous  fibres  in  unison  with  vibrations  more  or 
less  frequent  than  certain  limits,  such  vibrations, 
though  they  reach  the  retina,  will  produce  no 
sensation.  Thus  it  is  perfectly  possible  that 
insects,  and  other  animals,  may  be  incapable  of 
being  affected  by  any  of  the  colours  which  we 
perceive ;  while  they  may  be  susceptible  of  re- 
ceiving distinct    luminous   impressions  from   a 
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class  of  vibrationa  which,  applied  to  our  Tisnal 
organs,  excite  do  seosation.*  The  functions  of 
the  antennae,  which,  though  of  Tarioua  forms, 
are  organs  universally  met  with  in  titis  class 
of  animals,  must  be  of  great  importance,  though 
obscurely  known ;  for  insects  when  deprived  of 
them  appear  to  be  quite  lost  and  bewildered. 

The  Torpedo,  the  Gymnotus,  and  several 
other  fishes,  are  furnished  with  an  electrical 
apparatus,  resembling  the  Voltaic  battery,  which 
they  have  the  power  of  chai^ng  and  discharging 
at  pleasure.  An  immense  profusion  of  nerves  is 
distributed  upon  this  organ ;  and  we  can  hardly 
doubt  that  they  communicate  perceptions,  with 
regard  to  electricity,  very  different  from  any  that 
we  can  feel.  In  general,  indeed,  it  may  be  re- 
marited,  that  the  more  an  oi^an  of  sense  differs 
in  its  structure  from  those  which  we  ourselves 
possess,  the  more  uncertain  must  be  our  know- 
ledge of  its  ftinctions.  We  may,  without  any 
great  stretch  of  fancy,  conceive  ourselves  placed 
in  the  situation  of  the  beasts  of  the  forest,  and 
comprehend  what  are  the  feelings  and  motives 
which  animate  the  quadruped  and  the  Irird. 
But  how  can  we  transport  ourselves,  even  in 
imagination,  into  the  dark  recesses  of  the  ocean, 
which  we  know  are  tenanted  by  muldtudinons 
tribes  of  fishes,  zoophytes,  and  mollusca?    How 

•  Encyclopedia  Metropoliuna,  Article  "  Light." 
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can  we  figure  to  onreelres  the  sensitiTi 
eoce  of  the  wortn  or  the  insect,  oi^;aiiize 
different  a  manner  to  ourselves,  and  occ  | 
so  remote  a  region  in  the  expanse  of  ci  i 
HoTT  can  we  venture  to  speculate  on  the  j  : 
tions  of  the  animalcule,  whose  world  is  a    i 
fluid,  and  whose  fleeting  existence,  chc 
perhaps  by  various  transformations,  is  d  i 
to  run  its  course  in  a  few  hours  ? 

Confining  our  inquiries,  then,  to  the  m 
telligiUe  intellectual  phenomena  display  : 
the  higher  animals,  we  readily  trace  a  gn 
which' corresponds  with  the  developemeni 
central  n^rous  organ,  or  brain.  That  th  : 
parison  may  be  fairly  ^lade,  however,  it  is  i 
saiy  to  distinguish  those  actions  which  e  i 
result  of  the  exercise  of  the  intellectual  fa<  i 
from  those  which  are  called  instinctive,  a 
referable  to  other  sources.  Innumerable  i 
occasions  in  which  the  actions  of  animals  ; 
to  be  guided  by  a  degree  of  sagacity  not 
able  from  experience,  and  apparently  im : 
a  fore-knowledge  of  events,  which  neitfc  i 
perience  nor  reflection  could  have  led  tl  i 
ftnticipate.  We  cannot  sufficiently  admi ' 
provident  care  displayed  by  nature  in  tlii 
serration  both  of  the  individual  and  of  th : 
cies,  which  she  has  entrusted,  not  to  thi: 
and  uncertain  calculations  of  prudence,  I 
innate  faculties,  prompting,  by  an  unerrii: 
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pnlse,  to  the  performance  of  the  actions  required 
for  those  ends.  We  eee  animals  proTidhig 
gainst  the  approach  of  vinter,  the  effects  frf* 
which  they  have  nerer  experioiced,  and  em- 
ploying various  means  of  defence  agaitist  ene- 
mies they  hare  never  seen.  The  parent  ccniBults 
the  welfere  of  the  oflspring  she  is  destined  nevCT 
to  behold ;  and  the  young  discovers  and  pursues 
without  a  guide  that  species  of  food  which  is 
best  adapted  to  its  nature.  All  these  ubex- 
plained,  and  perhaps  inexplicaUe  facts,  we  must 
content  ourselves  with  classing  under  the  head  of 
instinct,  a  name  which  is,  in  fact,  but  the  ex- 
pression of  our  ignorance  of  the  nature  of  that 
agency,  of  which  we  cannot  but  admire  the 
ulUmate  effects,  while  we  search  in  vain  for  the 
efficient  cause. 

In  all  the  inferior  orders  of  the  animal  crea- 
tion, where  instincts  are  multiplied,  while  the 
indications  of  intellect  are  feeble,  the  oi^an 
which  performs  the  office  of  the  brain  is  compa- 
ratively small.  The  sensitive  existence  of  these 
animals  appears  to  be  circumscribed  within  the 
perceptions  of  the  moment,  and  their  voluntary 
actions  have  reference  chiefly  to  objects  which 
are  present  to  the  sense.  In  proportion  as  the 
intellectual  faculties  of  animals  are  multiplied, 
and  embrace  a  wider  sphere,  additional  magni- 
tude and  complication  of  structure  are  given  to 
the  nervous  substance  which   is  the   organ  of 
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thoee  faciiltieB.  The  greater  the  power  of  com- 
bining  ideas,  and  of  retainii^  than  in  the  me- 
mory, the  greater  do  we  find  the  developement 
of  the  cerebral  hemispheres.  These  parts  of  the 
brain  are  comparatively  small,  as  we  have  seen, 
in  fishes,  reptiles,  and  the  greater  number  of 
birds ;  bnt  in  the  mammalia  they  are  expanded 
in  a  degree  nearly  proportional  to  the  extent  of 
memory,  s^acity,  and  docility.  In  man,  in 
whom  all  the  faculties  of  sense  and  intellect  are 
so  harmoniou^y  combined,  the  brain  is  not  only 
the  latest  in  its  size,  but  beyond  all  comparison 
the  most  complicated  in  its  structure.* 

A  large  brain  has  been  bestowed  on  man,  evi- 
dently with  the  design  that  he  should  exercise 
superior  powers  of  intellect;  the  great  distin- 
guishing features  of  which  are  the  capacity  for 
retaining  an  immense  variety  of  impressions, 
and  tlie  strength,  the  extent,  and  vast  range  of 
the  associating  principle,  which  combines  them 
into  groups,  and  forms  them  into  abstract  ideas. 
Yet  the  lower  animals  also  possess  their  share  of 
memory,  and  of  reason :  they  are  capable  of 
acquiring  knowledge  from  experience ;  and,  on 

*  All  the  parta  met  with  in  the  brain  of  animals  exist  alio  in 
the  brain  of  man ;  while  several  of  those  found  in  man  are  either 
extremely  small,  or  altogether  absent  in  the  brains  of  the  lower 
animals.  Soemmerring  has  enumerated  no  less  than  fifteen  ma- 
terial anatomical  dtffirences  between  the  human  brain  and  that 
of  the  ape. 
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some  rare  occasions,  of  devtsiog  expedients  for 
accomplistiing  particular  ends.  But  still  this 
knowledge  and  these  efforts  of  intellect  are  con- 
fined within  very  narrow  limits ;  for  nature  has 
assigned  boundaries  to  the  advancement  of  the 
lower  animals,  which  they  can  never  pass.  If 
one  favoured  individual  be  selected  for  a  special 
education,  some  additional  share  of  intelligence 
may,  perhaps,  with  infinite  pEiios,  be  infiised; 
but  the  improvement  perishes  with  that  iniUvi- 
dual,  and  is  wholly  lost  to  the  race.  By  far  the 
greater  portion  of  that  knowledge  which  it  im- 
ports them  to  possess  is  the  gift  of  nature,  who 
has  wisely  implanted  such  instinctive  impulses 
as  are  necessary  for  their  preservation.  Man 
also  is  bora  with  instincts,  but  they  are  few  in 
number  compared  with  those  of  the  lower  ani- 
mals, and  unless  cultivated  and  improved  by 
reason  and  education,  would,  of  themselves,  pro- 
duce but  inconsiderable  results.  That  of  which 
the  effects  are  most  conspicuous,  and  which  is 
the  foundation  of  all  that  is  noble  and  exalted  in 
our  nature,  is  the  instinct  of  Sympatl^.  The 
affections  of  the  lower  animals,  even  between 
individuals  of  the  same  species,  are  observable 
only  in  a  few  instances  :  for  in  general  they  are 
indifferent  to  each  other's  joys  or  sufferings,  and 
regardless  of  the  treatment  experienced  by  their 
companions.  The  attachment,  indeed,  of  the 
mother  to  her  offspring,  as  long  as  its  wants  and 
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feebleness  require  her  aid  and  protection,  is  as 
powerful  in  the  lower  animals,  as  in  the  human 
species :  but  its  duration,  in  the  former  case,  is 
confined,  even  in  the  most  social  tribes,  to  the 
period  of  helplessness;  and  the  animal  instinct  is 
not  succeeded,  as  in  man,  by  the  continued  inter- 
course of  affection  and  kind  offices,  and  those 
endearing  relations  of  kindred,  which  are  the 
sources  of  the  purest  happiness  of  human  life. 

While  Nature  has  apparently  frowned  on  the 
birth  of  man,  and  brought  him  into  the  world 
weak,  naked,  and  defenceless,  unprovided  with 
the  means  of  subsistence,  and  exposed  on  every 
side  to  destruction,  she  has  in  reality  implanted 
in  him  the  germ  of  future  greatness.  The  help- 
lessness of  the  infant  call^  forth  the  fostering 
care  and  tenderest  affections  of  the  mother,  and 
lays  the  deep  foundations  of  the  social  union. 
The  latent  energies  of  his  mind  and  body  are 
successively,  though  slowly  developed.  While 
the  vital  oi^ns  are  actively  engaged  in  the  exe- 
cution of  their  different  offices,  while  the  diges- 
tive apparatus  is  exercising  its  powerful  chemis- 
try, while  myriads  of  minute  arteries,  veins,  and 
absorbents  are  indefatigably  at  work  in  building 
and  modelling  this  complex  frame,  the  sentient 
principle  is  no  less  assiduously  and  no  less  inces- 
santly eiaployed.  From  the  earliest  dawn  of  sen- 
sation it  is  ever  busy  in  arranging,  in  combining, 
arid  in  strengthening  the  impressions  it  receives. 

VOL.  IT.  p  p 
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Wonderful  as  is  the  {(wmation  of  the  bodily  fiibric, 
and  difficult  as  it  is  to  collect  its  history,  still 
more  marreilous  is  the  progreeeiTe  constractioa 
of  the  human  mind,  and  still  more  arduous  the 
task  of  tracing  the  finer  direads  which  connect 
the  delicate  web  of  its  ideas,  which  fix  its  fleet- 
ing perceptions,  and  which  establish  the  vast 
system  of  its  associations,  and  of  fidlowing  the 
long  series  of  gradations  by  which  its  affectimaB 
are  expanded,  purified,  and  exalted,  and  the 
soul  prepared  far  its  higher  destinatitm  in  a 
future  stage  of  existence. 

Here,  indeed,  we  perceive  a  remarkable  inter- 
ruption to  that  r^ular  gradation^  which  we  have 
traced  in  all  other  parts  of  the  animal  series ; 
for  between  man  and  the  most  sagacious  of  the 
brutes  there  intervenes  an  immense  chasm,  of 
which  we  can  hardly  estimate  the  magnitude. 
The  functions  which  are  purely  vital,  and  are 
necessary  for  even  the  lowest  degree  of  sensitive 
existence,  are  possessed  equally  by  all  animals : 
in  the  distribution  of  the  faculties  of  mere  sea- 
sation  a  greater  inequality  may  be  perceived : 
the  intellectual  faculties,  again,  are  of  a  more 
refined  and  nobler  character,  and  being  less 
essential  to  animal  life,  are  dealt  out  by  nature 
with  a  more  sparing  and  partial  hand.  Betwe^i 
the  two  extremities  of  the  scale  we  find  an  infi.- 
nite  number  of  intermediate  degrees.  The  more 
exalted   faculties  are  possessed   exclusively  by 
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man,  and  constitote  the  source  of  the  immense 
superiority  he  enjoys  over  the  brute  creation, 
which  so  frequently  exceb  htm  in  the  perfection 
of  subordinate  powers.  In  strength  and  swift<- 
nese  be  is  surpassed  by  many  quadrupeds.  In 
vain  may  he  wish  for  the  power  of  flight  pos- 
sessed by  the  uumerouB  inhabitants  of  air.  He 
may  envy  that  range  of  sight  which  enables  the 
bird  to  discern,  irom  a  height  at  wliich  it  is  itsdf 
invisible  to  our  eyes,  the  minutest  objects  on  the 
surface  of  the  earth.  He  may  regret  the  dull- 
ness of  his  own  senses,  when  he  adverts  to  the 
exquisite  scent  of  the.  hound,  or  the  acute  hear- 
ing of  the  bat.  While  the  delicate  perceptions 
of  the  lower  animals  teach  them  to  seek  the  food 
which  is  salutary,  and  avoid  that  which  is  inju- 
rious, man  alone  seems  stinted  in  his  powers  of 
discrimination,  and  is  compelled  to  gather  in- 
struction from  a  painful  and  hazardous  expe- 
rience. But  if  nature  has  created  him  thus 
apparently  helpless,  and  denied  him  those  in- 
stincts with  which  she  has  so  liberally  furnished 
the  rest  of  her  offspring,  it  was  only  to  confer 
upon  him  giAs  of  infinitely  higher  value.  While 
in  acuteness  of  sense  he  is  surpassed  by  inferior 
animals,  in  the  powers  of  intdlect  he  stands 
unrivalled.  In  the  fidelity  and  tenacity  with 
which  impressions  are  retained  in  his  memory, 
in  the  facility  and  strength  with  which  they  are 
associated,  in  grasp  of  comprehension,  in  extent 
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of  reasoning,  in  capacity  of  pK^fressive  improve- 
ment, he  leaves  all  other  animals  at  an  immea- 
surable distance  behind.  He  alone  enjoys  in 
perfection  the  gift  of  utterance ;  he  al<Kie  is  able 
to  clothe  his  thoughts  in  words;  in  him  alone 
do  we  find  implanted  the  desire  of  examining 
every  department  of  nature,  and  the  power  of 
extending  his  views  beyond  the  confines  of  this 
globe.  On  him  alone  have  the  high  privileges 
been  bestowed  of  recognising  and  of  adoring  the 
Power,  the  Wisdom,  and  the  Croodness  of  the 
Author  of  the  Universe,  fixtm  whom  his  being 
has  emanated,  to  whom  he  owes  all  the  blessings 
which  attend  it,  and  by  whom  he  has  been 
taught  to  look  forward  to  brighter  skies  and  to 
purer  and  more  exalted  conditions  of  existence. 
Heir  to  this  high  destination,  Man  discards  all 
alliance  with  the  beasts  that  perish;  confiding  in 
the  assurance  that  the  dissolution  of  his  earthly 
frame  destroys  not  the  germ  of  immortality 
which  has  been  implanted  within  him,  and  by 
the  developement  of  which  the  great  scheme  of 
Providence  here  commenced,  will  be  carried  on, 
in  a  future  state  of  being,  to  its  final  and  perfect 
consummation. 
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PART    IV. 

THE  RBPRODUCTIVE  FUNCTIONS. 
Chapter  I. 

REPRODUCTION. 

Limits  have  been  assigned  to  the  duration  of  all 
living  beings.  The  same  power  to  whom  they 
owe  their  creation,  their  organization,  and  their 
endowments,  has  also  subjected  them  to  the  in- 
exorable l4aw  of  Mortality;  and  has  ordained 
that  the  series  of  actions  which  characterise  the 
state  of  life,  shall  continue  for  a  definite  period 
only,  and  shall  then  terminate.  The  very  same 
causes  which,  at  the  earlier  stages  of  their  exist- 
ence, promoted  their  developranent  and  growth, 
and  which,  at  a  maturer  age,  sustained  the 
vigour  and  energies  of  the  system,  produce,  by 
their  continued  and  silent  operation,  gradual 
changes  in  the  balance  of  the  functions,  and,  at 
a  later  period,  effect  the  slow  demolition  of  the 
&bric  they  had  raised,  and  the  successive  de- 
struction of  the  faculties   they  had  originally 
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nurtured  and  upheld.*  With  the  genua  of  life, 
in  all  organized  structures,  are  conjoined  the 
seeds  of  decay  and  of  death ;  and  however 
great  may  be  the  powers  of  their  vitality,  we 
know  that  those  powers  are  finite,  and  that  a 
time  must  come  when  th^  will  be  expended, 
and  when  their  renewal,  in  that  individual,  is  no 
longer  possible. 

But  although  the  individual  perishes,  Nature 
has  taken  special  care  that  the  race  shall  be 
constantly  preserved,  by  providing  for  the  pro- 
duction of  new  individuals,  each  springing  from 
its  predecessor  in  endless  perpetuity.  The  pro- 
cess by  which  this  formation,  or  rather  this  ap- 
parent creation,  of  a  living  being  is  effected, 
surpasses  the  utmost  powers  of  the  human  com- 
prehension. No  conceivable  combinations  of 
mechanical,  or  of  chemical  powers,  bear  the 
slightest  resemblance,  or  the  most  remote  ana- 
logy, to  organic  reproduction,  or  can  aff<»d  the 
least  clue  to  the  solution  of  this  dark  and  hope^ 
less  enigma.  We  must  be  content  to  observe 
and  generalize  the  phenomena,  in  silent  wonder 
at  the  marvellous  manifestation  of  express  con- 
trivance and  design,  exhibited  in  this  depart- 
ment  of  the  economy  of  created  beings. 

Throughout  the  whole,  both  of  the  v^^etable 


•  See  the  article  "AoE,"  in  the  Cyclopadia  of  Practical 
Medicine,  where  I  hare  ealarged  oa  diis  sul^ect. 
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and  uiim&l  world,  Nature  has  ^towo  the  utmost 
solicitude  to  secure  not  only  the  multiplication 
of  the  species,  but  also  the  dissemination  of  their 
numbers  over  every  habitable  and  accessible 
region  of  the  globe,  and  has  pursued  Tarious 
plans  for  the  accomplishmeot  of  these  important 
objects. 

The  simplest  of  all  the  modes  of  multiplica- 
tion consists  in  the  spontaneous  division  of  the 
body  of  the  parent  into  two  or  more  parts ;  each 
part,  when  separated,  becoming  a  distinct  indi- 
vidual, and  soon  acquiring  the  size  and  shape  of 
the  parent.  We  meet  with  frequent  examples  of 
this  process  of  Jissiparous  generation,  as  it  is 
termed,  among  the  infusory  animalcules.  Many 
^tecies  of  Mottads,  for  instance,  which  are  natu- 
rally of  a  globular  shape,  exhibit  at  a  certain 
period  of  their  developement  a  slight  circular 
groove  round  the  middle  of  their  bodies,  which 
by  degrees  becoming  deeper,  changes  their  form 
to  that  of  an  hour-g^ass;  and  the  middle  part 
becoming  still  more  contracted,  they  present  the 
a}^kearaiice  of  two  balls,  united  by  a  mere  point. 
The  monads  in  this  state .  are  seen  swinmiing 
irregularly  in  the  fluid,  as  if  animated  by  two 
different  volitions;  and,  apparently  for  the  pur- 
pose of  tearing  asunder  the  last  connecting 
fibres,  darting  through  the  thickest  of  the  crowd 
of  surrounding  animalcules;  and  the  moment 
this  slender  ligament  is  broken,  each  is  seen 
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moving  away  from  the  other,  and  beginning  ha 
independent  existence.  This  mode  of  separadon 
IB  illustrated  by  Fig.  462,  representing  the  suc- 
cessive changes  of  form  during    its  progresB. 
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In  this  animalcule  the  division  is  transrarse,  but 
in  others,  for  example  in  the  Vorticella,  (aa 
shown  in  Fig.  463),  and  in  most  of  the  larger 
species,  the  line  of  separation  is  longitudinal. 
Each  animalcule,  tbus  formed  by  the  subdivimon 
of  its  predecessor,  soon  grows  to  the  size  which 
again  determines  a  further  spontaneous  subdiri- 
sion  into  two  other  animalcules ;  these,  in  course 
of  time,  themselves  undergo  the  same  process, 
and  so  on,  to  an  indefinite  extent  The  most 
singular  circumstance  attending  this  mode  of 
multiplication  is  that  it  is  impossible  to  pio- 
nounce  which  of  the  new  individuals  thus 
formed  out  of  a  single  one  should  be  r^;anled  as 
the  parent,  and  which  as  the  ofispring,  for  they 
are  both  of  equal  size.  Unless,  therefore,  we 
consider  the  separation  of  the  parts  of  the  paroat 
animal  to  constitute  the  close  of  its  individual 
existence,  we  must  rec<^ise  an  unbroken  conti- 
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Buity  ID  the  vitality  of  the  animal,  thus  trans- 
mitted  in  perpetuity  from  the  original  stem, 
throughout  all  succeeding  generations.  This, 
however,  is  one  of  those  metaphjrsical  subtleties 
for  which  the  subject  of  reproduction  affords 
abundant  scope,  but  which  it  would  be  foreign 
to  the  object  of  this  work,  to  discuss. 

It  is  in  the  animal  kingdom  only  that  we 
meet  with  instances  of  this  spontaneous  division 
of  an  organic  being  into  parts,  where  each  re- 
produces an  indiTiduaJ  of  the  same  species.  All 
plants,  however,  are  capable  of  being  multiplied 
by  artificial  divisions  of  this  kind :  thus  a  tree 
may  be  divided  longitudinally  into  a  great  num- 
ber of  p<fftions,  or  slips,  as  they  are  called,  any 
one  of  which,  if  planted  separately  and  supplied 
with  nourishment,  may  continue  to  grow,  and 
may,  in  time,  reproduce  a  tree  similar  in  all 
respects  to  the  one  from  which  it  had  originated. 
This  inherent  power  of  reproduction  exists  even 
in  smaller  fragments  of  a  plant ;  for,  when  all 
circumstances  are  favourable,  a  stem  will  shoot 
from  the  upper  end  of  the  fragment,  and  roots 
will  be  sent  forth  from  its  lower  end ;  and  ulti- 
mately a  complete  plant  will  be  formed.*   These 

*  Among  the  conditions  necessary  (or  these  evolntiong  of 
C^ans  are,  first,  the  prerious  accumulation  of  a  store  of  nounsh- 
ment  in  the  detached  fragment,  adequate  to  supply  the  growth 
of  the  new  parts ;  and  secondly,  the  presence  of  a  sufficient  quan~ 
Uty  of  circulatiDg  sap,  aa  a  vehicle  for  the  transmission  of  that 
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fftcis,  which  are  well  known  to  Bgricultivalists, 
exhibit  only  the  capabUidee  of  regetative  power 
under  circumstances  which  do  not  occur  in  the 
natural  course  of  things,  but  have  been  the  effect 
of  human  interference. 

Reproductive  powers  of  a  similar  kind  are 
exhibited  very  extensively  in  the  lower  depart- 
ments of  the  animal  kingdom.  The  Hydra,  or 
fresh  water  polype,  is  capable  of  indefinite  mul- 
tiplication by  simple  division :  thus,  if  it  be  cut 
asunder  transversely,  the  part  containing  the 
head  soon  supplies  itself  with  a  tail ;  and  the 
detached  tail  soon  shoots  forth  a  new  head,  with 
a  new  set  of  tentacula.  If  any  of  the  teutacula, 
or  any  portion  of  one  of  them,  be  out  off,  the 
mutilation  is  soon  repaired ;  and  if  ihe  whde 
animal  be  divided  into  a  great  number  oi  pieces, 
each  fragment  acquires,  in  a  short  time,  all  the 
parts  which  are  wanting  to  render  it  a  compfete 
individual.  The  same  phenomena  are  obserred. 
and  neariy  to  the  same  extent,  in  the  Pkuuaia. 
The  Aaterias,  the  Actinia,  and  some  of  the  Xavct 
species  of  Annelida,  as  the  JVau,  Eire  also  capaUe 

QOuriahment.  It  has  been  found  that  when  these  conditions  are 
present,  even  the  leaf  of  an  orang«  tree,  when  planted  in  a  fa- 
Tourable  soil,  sends  down  roots,  and  is  capable  of  givibg  origin 
to  an  entire  tree.  According  to  the  obwrration*  of  Mirandtda, 
the  leaf  of  the  BryopkyUvm,  when  simply  laid  on  must  ground, 
strikes  out  roots,  which  quickly  penetrate  into  the  soil.  (De 
Candolle,  Phjsiologie  V^tale^  ii.  677.)  The  leaves  of  the  mo- 
nocotyledonouE  plants  often  present  the  irae  phenomeDOB. 
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of  being  multiplied  by  artificial  divisioi 
s^ment  having  the  power  of  Bupplying 
and  containu^  within  itself  a  kiad  of  i 
and  individual  vitality. 

A  powecof  more  partial  r^eneration 
lated  parts  hy  new  growths,  which 
anal<^us  to  that  of  complete  repro 
exists  in  the  higher  orders  of  animals,  tl 
does  not  extend  to  the  entire  formation 
individuals' out  of  one.  The  claTre,  the  fi 
the  antenns  of  the  Crustacea,  and  the  1 
the  Arachnida,  are  r^tored,  when  los 
fresh  growth  of  these  organs.  If  the  he 
Sttail  be  amputated,  the  whole  of  that 
the  animal,  including  the  telescopic  ey 
(rther  organs  of  sense,  will  be  reproduced, 
among  the  Vertebrata  we  find  instances  i 
renovations  of  mutilated  parts ;  as  happe 
respect  to  the  fins  of  fishes:  for  Br« 
found  that  in  whatever  direction  they  i 
the  edges  easily  unite ;  and  the  rays  the: 
are  reproduced,  provided  the  smallest 
their  base  has  been  left.  The  tails  of 
and  of  some  species  of  Lizards,  will  grov 
if  lost :  and  what  is  more  remarkable,  tl 
themselves,  with  all  their  complex  appai 
coats  and  humours,  will,  if  removed,  be  t< 
by  the  growth  of  new  eyes  as  perfect 
former.  We  have  seen  that  the  teeth  of 
and  other  fishee  are  renewed  with  the 
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facility,  when  by  accident  they  hiave  been  lost. 
Among  Mammalia,  Bimilar  povers  exist,  although 
they  are  restricted  within  much  narrowa*  limits  ; 
as  is  exemplified  in  the  formation  of  new  bones, 
replacing  those  which  have  perish^.  When, 
we  advert  to  the  numberless  instances  of  the 
reparation  of  itguries  happening  to  various  parts 
of  our  own  finme,  we  have  abundant  reason  to 
admire  and  be  grateful  for  the  wise  and  bountiful 
provisions  which  Nature  has  made  for  meeting 
these  contingencies. 

The  multiplication  of  the  species  by  buds,  or 
Gemmiparota  rept-oduetioH,  is  exemplified  on  the 
largest  scale  in  the  vegetable  creation.  Almost 
every  point  of  the  surface  of  a  plant  appears  to 
be  capable  of  giving  rise  to  a  new  shoot,  which, 
when  fully  developed,  exactly  resembles  the 
parent  stock,  and  may,  therefore,  be  regarded  as 
a  separate  oi^anic  being.  The  origin  of  buds  is 
wholly  beyond  the  sphere  of  our  observation ; 
for  they  arise  firom  portions  of  matter  too  minute 
to  foe  ct^^zable  to  our  oi^ns,  with  every 
assistance  which  the  most  powerful  microscopes 
can  supply.  These  imperceptible  atoms  from 
which  oi^panic  beings  take  their  rise,  are  called 
germs. 

y^etable  germs  are  of  two  kinds ;  those 
which  produce  st&ns,  and  those  which  produce 
roots:  and  although  both  may  be  evolved  £rom 
every  part  of  the  plant,  tlie  former  are  usually 
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developed  at  the  axiU<B  of  the  leaves ;  that  is,  at 
the  angles  of  their  junction  with  the  stem ;  and 
also  at  the  extremities  of  the  fibres  of  the  stems ; 
dieir  developement  being  determined  by  the 
accumulation  of  nourishment  around  them. 
They  first  produce  buds,  which  expanding,  and 
putting  forth  roots,  assume  the  form  of  shoots ; 
and  the  successive  accumulation  of  shoots,  which 
remain  attached  to  the  parent  plant,*  and  to 
each  other,  is  what  constitutes  a  tree.  What 
are  called  Jawts  in  wood  are  the  result  of  germs, 
which,  in  consequence  of  the  accumulation  of 
nourishment  around  them,  are  developed  to  a 
certain  extent,  and  then  cease  to  grow.  The 
Lemna,  or  common  Duckweed,  which  consists 
of  a  small  circular  leaf,  floating  on  the  surface 
of  stagnant  pools,  presents  a  singular  instance 
of  the  developement  of  germs  iirom  the  edges  of 
the  leaves,  and  the  subsequent  separation  of  the 
new  plant  thus  formed.     In  this  respect  the 


*  Id  some  rare  instancea  the  shoots  are  remored  to  a  distance 
from  the  parent  plant,  by  a  natural  process :  this  ocean  ia  some 
creeping  plants,  which  propagate  themselves  by  the  horizontal 
extension  of  their  branches  mi  the  ground,  where  they  dip,  and 
strike  otit  new  roots,  giving  rise  to  stems  independent  of  the 
original  plant.  This  also  sometimes  happens  in  the  case  of 
tuberous  roots,  as  the  potatoe,  which  contain  a  number  of  germs, 
snnonnded  by  nutritive  matter,  ready  to  be  developed  when  cir- 
cumstancea  are  favourable.  These  portions  are  called  eyet; 
and  each  of  them,  when  planted  separately,  are  readily  evolved, 
and  give  rise  to  an  individual  plant. 
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process  is  analogous  to  the  nataral  mode  of  mul- 
tipUcatioD  met  with  in  the  lower  orders  of  Zoo- 
phytes, such  as  the  Hydra.  At  the  earliest 
period  at  which  the  young'  of  this  animal  is 
visihle,  it  appears  like  a  small  tubercle,  or  bud, 
rising  from  the  surface  of  the  parent  hydra :  it 
grows  in  this  situation,  and  remains  attached  for 
a  considerable  period  ;  at  first  deriring  its  nou- 
rishment, as  well  as  its  mechanical  support, 
from  the  parent ;  then  occasionally  stretching 
forth  its  tentacula,  and  learning  the  art  of  catch- 
ing and  of  swallowing  its  natural  prey.  The 
tube,  which  constitutes  its  stomach,  at  first  com- 
mmiicates  by  a  distinct  opening  with  that  of  its 
parent :  but  this  opening  afterwards  closes ;  and 
the  filaments  by  which  it  is  connected  with  the 
parent  becoming  more  and  more  slender,  at 
length  break,  and  the  detached  hydra  imme- 
diately moves  away,  and  commences  its  career 
of  independent  existence.  This  mode  of  multi- 
plication, in  its  first  period,  corresponds  exactly 
with  the  production  of  a  vegetable  by  buds ; 
and  may  therefore  be  classed  fCmong  the  in- 
stances of  gemmiparous  reproduction ;  although 
at  a  later  stage,  it  differs  trom  it  la  the  complete 
d^achment  of  the  offspring  from  the  parent. 

Another  plan  of  reproduction  is  that  in  which 
the  germs  are  developed  in  the  interior  of  the 
animal,  assuming,  at  the  earliest  period  when 
they  become  animated,  the  form  of  the  parent. 
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In  this  case  they  are  termed  gemmulea  instead 
of  buds.  This  mode  of  reproduction  is  exem- 
plified in  the  Volvox,  which,  as  we  have  already 
seen,  is  an  infusorial  animalcule  of  a  spherical 
form,  exhibiting  incessant  revolving  move- 
ments.* The  germs  of  this  animal  are  deve- 
loped, in  great  numbers,  in  its  interior,  having 
a  globular  shape,  and  visible,  by  the  aid  of  the 
microscope,  through  the  transparent  covering; 
and  while  yet  retained  within  the  body  of  the 
parent  other  still  minuter  globules  are  developed 
within  these,  constituting  a  third  generation  of 
these  animals.  After  a  certain  period,  the  young, 
which  have  thus  been  formed,  escape  by  the 
bursting  of  the  parent  volvox,  which  in  conse- 
quence perishes.  Similar  phenomena  are  pre- 
sented by  many  of  the  Infusoria.  In  some  of 
the  Entozoa,  likewise,  as  in  the  Hydatid,  the 
young  are  developed  within  the  parent ;  and  this 
proceeds  successively  for  an  indefinite  number 
of  generations.t     In   most  cases  of  the   spon- 

*  Vol.  i.  p.  188.    This  animal  is  delineated  in  Fig.  79. 

f  The  mode  in  which  iofusory  animalcules  are  produced  and 
multiplied  is  involved  in  Auch  obscurity.  Many  dlatinguished 
naturalists,  adopting  the  views  of  Buffon,  have  r^arded  them  as 
the  [Hodact  of  «a  inherent  power  belonging  to  a  certain  class  of 
material  particles,  which,  in  ciicumstances  favourable  to  its  ope- 
ration, tends  to  form  these  minute  organizations,  and  in  this 
manner  they  explain  how  the  same  organic  matter  which  had 
composed  former  living  a^regates,  on  the  dissolution  of  their 
nnton,  reappears  under  new  forms  of  life,  and  gives  rise  to  the 
phenomenon  of  innumerable  animalcules^  starting  into  being, 
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taneous  erolution  of  gemmules  within  the  parent, 
channels  are  provided  for  their  exit:  but  the 
gemmules  of  the  Actinia  force  their  way  through 
the  udes  of  the  body,  which  readily  open  to  give 

and  commencing  i  new,  but  fleeting  career  of  existence.  Tet 
the  uialogj  of  every  other  deptiTtment  of  the  animal  and  vege- 
table kingdom!  it  directly  opposed  to  tbe  auppoiitioo  that  any 
living  being  can  arise  without  its  having  been  originallj  derived 
from  an  individutd  of  tbe  same  species  as  itself,  and  of  which  it 
once  formed  a  part.  1^  difficulty  which  tbe  hypothesis  of  tbe 
■pODtaneoua  production  of  infiuory  animalculea  profenes  to 
remove,  consists  in  our  inability  to  trace  tbe  pre-esistence  of  the 
germs  in  tbe  fluid,  where  these  animalcules  are  found  to  arise : 
and  to  follow  tbe  operadoni  of  nature  in  these  regions  of  infinite 
minuteness.  The  discoveries  of  Ebrenbe^  relative  to  tbe  oi^;*- 
nization  of  tbe  Rot\fera  go  far  towards  placing  these  diminutive 
beings  more  on  a  level,  both  in  structure  and  in  functions,  with 
tbe  larger  animals,  of  whose  history  and  economy  we  have  a 
more  familiar  and  certain  knowledge,  and  in  lupeneding  the 
hypothesis  above  referred  to,  by  showing  that  the  bold  aaautnp- 
tion  on  which  it  rests,  is  not  required  for  tbe  explanation  of  the 
observed  phenomena.  In  many  of  these  animalcules,  he  has 
seen  the  ova  excluded  in  tbe  form  of  extremely  minute  globules, 
the  12,000th  of  an  inch  in  diameter.  When  these  had  grown 
to  tbe  Mze  of  the  1700th  of  an  inch,  or  seven  times  their  origioal 
diameter,  they  were  distinctly  seen  to  excite  currents,  and  to 
awallow  food.  The  same  diligent  observer  detected  tbe  young 
of  the  Rotifer  mtlgarit,  perfectiy  formed,  moving  in  tbe  interior 
of  the  parent  animalcule,  and  excluded  in  a  living  state,  thus 
constituting  them  viviparous  animals,  as  tbe  former  were  ovi- 
parous. Other  species,  again,  imitate  tbe  hydra,  in  bmng  what 
is  termed  gemmipartrnt,  that  is,  producing  gemmules  (like  the 
budding  of  a  plant),  which  shoot  forth  from  tbe  side  of  the 
parent,  and  are  soon  provided  with  cilia,  enabling  them,  when 
separated,  to  provide  for  their  own  subustence,  although  they 
are  of  a  very  diminutive  size  when  thus  cast  off. 
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them  passage;  after  which,  the  lacerated  part 
800D  heals. 

Id  the  instances  which  have  now  passed  under 
our  review,  the  progeny  is,  at  first,  in  direct 
communication  with  its  parent,  and  does  not 
receive  the  special  protection  of  membranous 
envdopes,  containing  a  store  of  nourishment  for 
its  subsequent  growth.  But  in  all  the  more 
perfect  structures,  both  of  animals  and  vege- 
tables, the  germ  is  provided  with  auxiliary 
coverings  of  this  kind,  the  whole  together  com- 
posing what  is  called  a  seed,  or  an  ovum :  the 
former  term  being  usually  applied  to  vegetable, 
and  the  latter  to  animal  productions;  and  in 
both  cases  the  organ  which  originally  contained 
them  is  termed  the  ovary. 

The  formation  and  evolution  of  vegetable 
seeds  takes  place,  not  indiscriminately  at  every 
point,  as  we  have  seen  is  the  case  with  simple 
germs,  but  only  in  particular  parts  of  the  plant. 
The  FiUces,  or  fern  tribes,  may  be  taken  as 
examples  of  this  mode  of  reproduction,  the  seeds 
being  formed  at  the  under  surface  of  the  leaves, 
apparently  by  a  simple  process  of  evolution ; 
and  when  detached  and  scattered  on  the  ground, 
being  further  developed  into  a  plant  similar  to 
the  parent.  The  Linnean  class  of  Ctyptogamia 
includes  all  the  plants  coming  under  this  de- 
scription. In  Animals,  likewise,  it  is  only  in 
the  particular  or^ns  termed  ovaries,  that  ova 


594  THE  REPRODUCTIVE  FUNCTIONS. 

are  fonned,  and  they  are  generally  divided  into 
compartments,  the  whole  being  enclosed  in  a 
membranous  coTering,  bearing  a  great  resem- 
blance to  the  seed-capsules  of  plants. 

The  propagation  of  living  beings  by  means  of 
ova  or  seeds,  is  a  process  of  a  totally  different 
class  from  their  multiplication  by  mere  slipe  or 
buds;  and  the  products  of  the  former  retain 
less  of  the  peculiar  characters  of  the  individual 
from  vhich  they  spring,  than  those  of  the  latter. 
This  is  remarkably  exempUfied  in  the  case  of 
orchard  trees,  such  as  apples  and  pears ;  for  all 
the  trees  which  derive  their  origin  from  shoots,  or 
grafts  from  the  same  individual,  partake  of  the 
same  properties,  and  produce  a  fruit  of  the  same 
flavour  and  qualities ;  whereas  trees  of  the  same 
species,  which  grow  from  seed,  have  the  charac- 
ters of  distinct  individuals,  and  losing  all  the 
peculiarities  that  may  have  distinguished  the 
parent,  revert  to  the  original  type  of  the  specieB 
to  which  they  belong.  Thus  from  the  seeds  of 
the  golden  pippin,  or  nonpareil,  arise  trees  bear- 
ing the  common  crab  apple,  which  is  the  natural 
fruit  of  the  species.  By  continued  graftings, 
after  a  long  period,  the  vitality  of  the  particular 
variety  is  gradually  exhausted,  and  the  grafts  no 
longer  bear  fhiit.  This  has  already  happened 
with  regard  to  the  two  varieties  of  apples  just 
mentioned.  For  these  curious  &cts,  and  the 
theory  which  explains  them,  we  are  indebted  to 
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the  observation  and  sagacity  of  Mr.  Andrew 
Knight.* 

The  plans  hithierto  noticed  are  suited  only  to 
the  simplest  of  vegetable  or  animal  beings ;  but 
for  the  continuance  of  the  higher  races  in  both 
kingdoms  of  nature  there  is  required  a  more 
complex  procedure.  The  latent  germ,  contained 
in  the  seed  or  ovum,  is  never  developed  beyond 
a  certain  point,  unless  it  be  vivified  by  the  action 
of  a  peculiar  fluid,  vhich  is  the  product  of  other 
organs.  Thus  there  are  established  ^o  distinct 
classes  of  structures ;  the  office  of  the  one  being 
the  formation  of  the  seed  or  ovum,  and  that  of 
the  other  the  production  of  the  vivifying  fluid. 
The  eflect  of  this  vivifying  fluid  upon  the  dor- 
mant germ  is  termed  Fecundation;  and  the 
germ,  when  fecundated,  receives  the  name  of 

The  modes  in  which  the  fecundation  of  the 
germ  is  accomplished  are  exceedingly  various  in 
different  classes  of  organized  beings.  In  all 
Phaneroganunu  plants,  (so  named  in  contra- 
distinction to  those  which  are  Cryptogamous), 
the  whole  of  the  double  apparatus  required  for 
reproduction  is  contained  in  the  flower.  One 
set  of  organs  contains  the  rudiment  of  the  seed, 
enclosed  in  various  envelopes,  of  which  the  as- 
Bemblage  constitutes  an  ovary,  and  to  which  is 

*  See  hi*  various  papen  in  the  PhilocophicalTranKactluns. 
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appended  a  tube,  (the  pistil),  terminated  by  a 
kind  of  spongiole,  (the  stigma).  The  fecunda- 
ting organs  are  the  stamens,  which  are  columos, 
(or  Jilantents),  placed  generally  near  and  parallel 
to  the  pistil,  and  terminated  by  a  glandular 
oi^n.  (the  anther).  This  oi^n,  when  mature, 
contains,  enclosed  in  a  double  envelope,  a  fine 
powder,  (the  pollen),  consisting  of  very  minute 
vesicles,  filled  with  a  viscous  liquor,  (the/oviUa), 
in  which  are  seen  extremely  small  granules. 
Fecundation  takes  place  by  a  portion  of  the 
pollen  being  received  by  the  stigma,  and  con- 
veyed through  the  tubular  pistil  to  the  seed, 
which  it  impregnates  by  imparting  to  it  the  fluid 
it  contains. 

By  far  the  greater  number  of  plants  com- 
posing the  vegetable  kingdom  have  these  two 
sets  of  oi^ns  contained  in  the  same  flower ;  or 
at  least  in  flowers  belonging  to  the  same  indivi- 
dual plant.  In  the  animal  kingdom  this  ar- 
rangement is  also  adopted,  but  only  in  a  com- 
paratively small  number  of  tribes.  In  these  the 
ova,  in  their  passage  from  the  ovary,  along  a 
canal  termed  the  oviduct,  are  fecundated  by- 
receiving  a  secretion  from  another  set  of  organs 
in  the  same  system,  which  is  conveyed  by  a 
duct,  opening  into  the  oviduct  in  some  part  of  its 
course.  In  a  limited  number  of  plants,  com- 
posing the  class  Dioecia,  the  individuals  of  the 
same  species  are  distinguished  by  their  beating 
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flowers  which  contain  only  one  of  the  kinds  of 
reproductive  apparatus :  so  that  the  stamens  and 
the  pistils  are  situated  on  separate  plants :  and 
the  impregnation  of  the  ovaries  in  the  latter,  can 
be  effected  only  by  the  transference  of  the  pollen 
from  the  former.  A  similar  separation  of  offices 
is  established  among  all  the  higher  classes  of  the 
animal  kingdom.  In  most  Fishes,  and  in  all 
Batrachian  reptiles,  the  ova  are  impregnated 
afler  their  expulsion  from  the  body :  in  all  other 
cases  their  impregnation  is  internal,  and  their 
subsequent  developement  takes  place  in  one  or 
other  of  the  four  following  ways- 

1 .  The  ovum,  when  defended  by  a  firm  enve- 
lope,  which  contains  a  store  of  nutriment,  is 
termed  aa  egg,  and  is  deposited  in  situations 
most  favourable  for  the  developement  of  the 
embryo ;  and  also  for  its  future  support  when  it 
emeigeq  from  the  egg.  Birds,  as  is  well  known, 
produce  eggs  which  are  encased  in  a  calcareous 
shell,  and  batch  them  by  the  warmth  they  com- 
municate by  sitting  on  them  with  unwearied 
constancy.  All  animals  which  thus  lay  eggs 
are  termed  oviparous. 

2.  There  are  a  few  tribes,  such  as  the  Viper 
and  the  Salamander,  whose  ^gs  are  never  laid, 
but  are  hatched  in  the  interior  of  the  parent ;  so 
that  they  bring  forth  living  offspring,  although 
originally  contained  in  eggs.  Such  animals  are 
said   to   be    Ovo-viviparous.      There  are  other 
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tribes,  Bgain,  which,  accordit^  to  circumstances, 
are  either  oviparous,  or  oro-viviparoua :  this  is 
the  case  vrith  the  Shark. 

3.  Viviparous  animals  are  those  in  which  no 
egg,  property  so  called,  is  formed ;  but  the 
ovum,  after  proceeding  through  the  oviduct, 
sends  out  vessels,  which  form  an  attachment  to 
the  interior  of  a  cavity  in  the  body  of  the  parent, 
whence  it  draws  nourishment,  and  therefore  ha* 
attained  a  considerable  size  at  the  time  of  its 
birth. 

4.  Marsupial  animals  are  those,  which,  like 
the  Kanguroo,  and  the  Opotsum,  are  provided 
with  abdommal  pouches,  into  which  the  young, 
bom  at  a  very  eaiiy  stage  of  developement,  are 
received,  and  nourished  with  milk,  secreted  from 
glands  contained  within  these  pouches.  As  the 
young,  both  in  this  and  in  the  last  case,  are  aou- 
rished  with  milk  prepared  by  similar  glands,  or 
Mamma,  the  whole  class  of  viviparous  and  mar- 
supial animals  has  received,  from  this  charac- 
teristic circumstance,  the  name  oi  Mamaiaiia. 
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Chapter  II. 
obganic  developehent. 

Although  the  study  of  organic  structures  iu 
their  finished  state  must  tend  to  inipire  the 
most  sublime  concepUone  of  the  Great  Creator 
of  this  vast  series  of  beings,  extending  from  the 
obscurest  plant  to  the  towering  tenant  of  the 
forest,  and  from  the  lowest  animalcule  to  the 
stately  elephant  and  ^gantic  whale,  there  yet 
exists  another  department  of  the  science  of 
Nature,  removed,  indeed,  from  the  gaze  of  ordt* 
nary  observers,  but  presenting  to  the  philosophic 
inquirer  subjects  not  less  replete  with  interest, 
and  not  less  calculated  to  exalt  our  ideas  of  the 
tianscendent  attributes  of  the  Almighty.  To  a 
mind  nurtured  to  reflection,  these  divine  attri- 
butes, whether  of  power,  of  wisdom,  or  of  bene- 
ficence, are  no  where  manifested  with  greater 
distinctness,  or  arrayed  in  greater  glory,  than  in 
the  formation  of  these  rarious  beings,  and  in 
the  pn^iressive  architecture  of  their  wondrous 
fabric. 

Oar  attention  has  already  been  directed,  in  a 
former  part  of  these  inquiries,  to  the  succeeeive 
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changeB  which  constitute  the  metamorphoees  4»f 
winged  insects,*  and  of  Batrachian  reptiles, 
pheDomena  which  are  too  striking  to  have 
escaped  the  notice  of  the  earliest  naturalists : 
but  the  patient  inve^gations  of  modem  inquirraa 
have  led  to  discoveries  still  more  curious,  aod 
have  shown  that  all  vertebrated  animals,  even 
those  belonging  to  the  higher  classes,  such  as 
birds,  and  mammalia,  not  excepting  man  him- 
self, undergo,  in  the  early  stages  of  their  deve- 
lopement,  a  series  of  changes  fuUy  as  great  and 
as  remarkable  as  those  which  constitute  the 
transformations  of  inferior  animals.  They  have 
also  rendered  it  extremely  probable  that  the 
organs  of  the  system,  instead  of  existing  simul- 
taneously in  the  germ,  arise  in  regulated  succes- 
sion, and  are  the  residts  not  of  the  mere  expan- 
sion of  pre-exi^ng  rudiments,  but  of  a  real 
formation  by  the  union  of  certain  elonents; 
which  elements  are  themselves  succeasiveljr 
formed. by  the  gradual  coalescence  or  juxta- 
position of  their  constituent  materials.  On  con- 
templating the  infinitely  lengthened  chain  of 
means  and  ends,  and  of  causes  and  effects, 
which,  during  the  construction  and  assemblage 
of  the  numerous  parts  composing  the  animal 

*  The  Teseaichea  of  Nordmann,  od  different  species  of  Cerniea, 
hftve  brought  to  light  the  most  singular  succession,  of  forms 
during  the  prt^^reu  of  developement  of  the  Mine  iadi*idtutl 
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machine,  are  in  constant  operation,  adapting 
them  to  their  Tarious  purposes,  and  combining 
than  into  one  efficient  and  harmonious  system, 
it  is  impossible  not  to  be  deeply  impressed  with 
the  extent  and  the  profoundness  of  the  views  of 
Omniscient  Providence,  which  far  exceed  the 
utmost  boundaries  of  our  vision,  and  surpass 
even  the  powers  of  the  human  imagination.* 

The  clearest  evidence  of  enla^^ed  and  provi- 
dent des^s  may  be  collected  from  observing  the 
order  in  which  the  nascent  organs  are  succes- 
sively brought  forwards,  and  added  to  the  grow- 
ing fabric :  such  order  appearing,  in  all  cases,  to 
be  that  best  calculated  to  secure  the  due  per- 
formance of  their  appointed  functions,  and  to 
promote  the  general  objects  of  the  system.  The 
apparatus  first  perfected  is  that  which  is  imme- 
diately necessary  for  the  exercise  of  the  vital 
actions,  and  which  is  therefore  required  for  the 
completion  of  all  the  other  structures ;  but  pro- 

*  "  Si  I'oD  applique,"  gays  Cuvier,  when  epeak in^  of  the  ana- 
tomy of  iDSects,  "  k  chacune  de  ces  esp^ces,  par  la  peasee,  ce 
qu'il  serait  bien  imposiible  qu'ua  homme  entraprit  de  verifier  en 
etfet  pour  toatea,  une  org^isation  it-peu-pr^  igale  en  complica- 
tion k  celle  qui  a  6t6  d^rite  dans  la  chenille  par  Lyonet,  et 
tout  r^cemment  dans  le  hanneton  par  M.  Straus,  et  cependant 
plus  ou  moina  diSerente  dans  chaqae  inaecte,  Viqiagination 
comgienceTa  k  coitcevoir  quelque  chose  de  cette  richease  ef- 
frayante,  et  de  cea  millions  de  millions  de  parties,  et  de  parties 
de  parties,  toujourg  correlatives,  toujours  en  harmonic,  qui  con- 
stituent le  grand  onvrage  de  la  nature."  (Hisbnre  des  Progr^ 
des  Sciences  Naturelles,  iv.  145.) 
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vision  is  likewise  made  tor  the  mtablishment  of 
tbcee  parts  vhich  are  to  giye  mechanical  sup- 
port  to  each  organic  system  in  proportion  as  it 
is  formed;  while  the  foundations  are  also  pre- 
paring for  endowments  <^  a  higher  kind,  by  the 
early  derelepement  of  the  organs  of  the  external 
senses,  the  functions  of  which  so  essentially 
minister  to  the  foture  c(KpanBi<Hi  of  the  intellec- 
toal  focnlties,  embracing  a  wide  range  of  per- 
ceptions and  of  active  powers.  Thus  in  the 
early,  as  well  as  in  all  the  subseqaent  periods  of 
life,  the  objects  of  nature  vary  as  the  respective 
necessities  of  the  occauon  change.  At  first,  all 
the  energies  of  vitality  are  directed  to  the  raising 
of  the  fobric,  and  to  the  extension  of  those 
organs  which  are  of  greatest  immediate  utility ; 
but  still  having  a  pro^iectire  view  to  farther  and 
more  important  ends.  For  the  accomfdishment 
of  this  primary  object  unremitting  exertions  are 
made,  commensorate  with  the  magnitude  of  the 
design,  and  giving  rise  to  a  quick  succesnon  of 
varied  foims,  both  with  regard  to  the  shape  of 
each  indtvtdual  organ,  and  to  the  general  aspect 
of  the  whole  assemblage. 

In  the  phenomena  of  their  early  evolution. 
Plants  and  Animals  present  a  striking  contrast, 
corresponding  to  essential  differences  in  -the 
respective  destinations  of  these  two  orders  of 
beings.  The  primary,  object  of  v^etable  struc- 
tures appears  to  be  the  establishment  of  the 
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functioiis  of  uatrition  ;  and  we  accordingly  find 
that  whenerer  the  seed  begins  to  genninate,  the 
first  indication  of  derelopement  is  the  appear- 
ance of  the  part  called  the  phinmla,  which  is  a 
coUectbn  of  feathery  fibres*  burstiag  from  the 
^iTeloping  c^BuIe  of  the  germ,  and  which, 
whatever  may  have  been  its  original  position, 
proceeds  immediately  to  extend  itself  vertically 
upwards ;  while,  at  the  same  time,  slender  fila- 
ments, or  radicles,  shoot  out  below  to  form  the 
roots.  Thus  eariy  are  means  provided  for  the 
absorption  and  the  aeration  of  the  nutrieut 
matter^  which  is  to  constitute  the  materials  foe 
the  subsequ^it  growth  of  the  plant,  a&d  for  the 
support  and  protection  of  the  organs  by  which 
these  processes  are  to  be  carried  tm.  But  animal 
vitality,  beiag  designed  to  minister  to  a  higher 
order  of  endowments,  is  placed  in  subordination 
to  a  class  of  fimctions,  of  which  there  exists  no 
trace  in  vegetables,  Damety,  those  of  the  nervous 
system.  By  intentiy  watching  the  earliest  dawn 
of  organic  fonnati(m>  in  the  transparent  gelatinous 
molecule,  for  example,  which,  with  its  three  in- 
vesting peUicles,  constitutes  the  embryo  of  a 
bird,  (for  the  eggs  of  this  class  of  animals  best 
admit  of  our  following  this  int^esting  series  of 
changes,)  the  first  opaque  object  discoverable  by 
the  eye  is  a  small  dark  line,  called  the  primitive 
trace,  formed  on  the  sur&ce  of  the  outermost 
pellicle.     Two  ridges  then  arise,  one  on  each 
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side  of  this  dark  line* ;  and  by  the  union  of 
their  edges,  they  soon  form  a  canal,  contemning  a 
deposit  of  semi-fluid  matter,  which,  on  acquiring 
greater  consistence  and  opacity,  discloses  two 
slender  and  delicate  threads,  placed  side  by 
side,  and  parallel  to  <me  another,  but  separated 
by  a  certain  space.  These  are  the  rudiments  of 
the  spinal  cord,  or  the  central  oi^an  of  nervous 
power,  on  the  endowments  of  which  the  whole 
character  of  the  being  to  be  formed  depends. 
We  may  next  discern  a  number  trf  parallel  equi- 
distant dots,  arranged  in  two  rows,  one  on  the 
outer  side  of  each  of  the  filaments  already  no- 
ticed :  these  are  the  rudiments  of  the  vertebrs, 
parts  which  will  afterwards  be  wanted  for  giving 
protection  to,  the  spinal  marrow,  and  which  soon 
form,  for  this  purpose,  a  series  of  rings  embracing 
that  o^an.f 

The  appearance  of  the  elementary  filaments 
of  the  spinal  cord  is  soon  followed  by  the  deve- 
lopement  of  its  upper  or  anterior  extremity,  from 
which  there  arise  three  vesicles,  each  forming 
white  tubercles ;  these  are  the  foundations  of  the 
future  brain.     The  tubercles  are  first  arranged 


*  The  plica  prinitivtt  of  Pander;  the  lamina  donalei  of 
Bwr.  See  a  paper  oa  embryolc^  by  Dr.  Allen  ThomaoD,  in 
the  Edin.  New  Phil.  JouidbI  for  1830  and  1831. 

t  These  rings  ha.re,  by  ipeculative  phy Biologists,  been  sup- 
posed tn  be  analf^us  to  those  whkh  form  the  skeletiHi  of  the 
Annelida. 
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in  pairs  and  in  a  loDgitudinal  seri^,  like  those 
we  have  seen  constituting  the  permanent  form 
of  the  brain  in  the  inferior  fishes  :  but,  in  birds, 
they  are  soon  folded  together  into  a  rounded 
mass ;  while,  in  the  mean  time,  the  two  filaments 
of  the  spinal  cord  have  approached  each  other, 
and  united  into  a  single  column,  the  form  which 
they  ever  after  retain.  Even  at  this  early  period 
the  rudiments  of  the  oi^ns  of  the  higher  senses, 
(first  of  the  eye,  and  next  of  the  labyrinth  of  the 
ear,)  make  their  appearance:  but,  on  the  other 
hand,  those  of  the  legs  and  wings  do  not  show 
themselves  until  the  brain  has  acquired  greater 
solidity  and  derelopement.  The  nerves  which 
are  to  connect  these  oi^ans  of  sensation  and  of 
motion  with  the  spinal  cord  and  brain  are  formed 
afterwards,  and  are  successively  united  to  the 
nervous  centres. 

Although  the  plan  of  the  future  edifice  has 
thus  been  sketched,  and  its  foundations  laid  in 
the  homogeneous  jelly  by  the  simpler  efforts  of 
the  vital  powers,  the  elevation  of  the  vast  super- 
structure demands  the  aid  of  other  machinery, 
fitted  to  collect  and  distribute  the  requisite 
materials.  Here,  then,  we  might,  perhaps, 
expect  to  meet  with  a  repetition  of  those  vege- 
tative processes,  having  similar  objects  in  view, 
and  the  adoption  of  analogous  means  for  their 
accomplishment ;  but  so  widely  difierent  in  cha- 
racter is  the  whole  organic  economy  of  these  two 
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orders  of  beings,  that  we  perceive,  no  resem- 
blance in  the  mechaniBm  emi^oyed  for  their 
formation-  For  the  purpoeee  of  animal  life  the 
nntrient  juices  must  be  brought  into  actiTe  ctrcn- 
lation  by  means  of  Teseels  extensively  pervading 
the  system.  Nature,  then,  hastens  to  prepare 
this  important  hydraulic  apparatus,  without 
which  the  work  of  construction  could  not  pro* 
ceed.  What  may  be  the  movements  of  the 
transparent  nutrient  juices  at  the  very  earliest 
period  must,  of  course,  remain  unknown  to  ns, 
since  we  can  only  follow  them  by  the  eye  after 
the  nutritive  substance  they  contain  has  becwne 
Gon8(didated  in  the  form  of  opaque  globules. 
These  globules  are  at  first  seen  to  meander 
through  the  mass,  uoconfined  1^  investing  ves- 
sels ;  presently,  however,  a  circular  vesed  is  dis- 
covered, formed  by  the  foldings  of  the  membrane 
of  the  embryo,  along  which  the  fluids  ondnlate 
backwards  and  forwards,  without  any  con- 
stancy.* A  delicate  net-work  of  vessels  is  next 
formed  in  various  parts  o(  the  area  of  the  circle, 
which  are  seen  succesHvely  to  join  by  the  for- 
mation of  communicating  branches,  and  ulti- 
mately to  compose  larger  trunks,  so  as  to 
establish  a  more  general  system  of  vascular  oi^a- 
nizatioo.    But  increased  power  for  carrying  on 

•  These  phenomena  ate  Bimilar  to  those  which  were  noticed 
as  presented  by  the  lame  of  some  insects  and  other  inferior 
ftQiaiab. 
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this  extended  circulation  will  soon  be  wanted; 
and  for  this  purpose  there  must  be  prodded  a 
central  organ  of  propulsion,  or  heart,  the  con- 
struction of  which  is  now  commenced,  at  a 
central  point,  by  the  folding  inwards  of  a  lamina 
of  the  middle  membrane,  forming  first  a  »mple 
groove,  but,  after  a  time,  converted,  by  the 
union  of  its  outer  edges,  into  a  kind  of  sac, 
which  is  soon  extended  into  a  longitudinal  tube.* 
The  next  object  is  to  bring  this  tube,  or  rudi- 
mental  heart,  into  communication  with  the 
neighbouring  vascular  trunks,  and  this  is  effected 
by  their  gradual  el<Higation,  till  their  cavities 
meet,  and  are  joined ;  one  set  of  trunks  (the 
future  veins,)  first  uniting  with  the  antaior  end 
of  the  tube ;  and  then  another  set  (the  future 
arteries,)  joining  its  other  end.  The  addition  (tf 
this  central  tube  to  the  vessels  previously  formed 
comfd^es  the  continuity  of  Uieir  course :  bo  that 
the  unif<am  circulation  of  the  blood  is  esta- 
blished in  the  direction  in  which  it  is  ever  after 
to  flow ;  and  we  may  now  rec<^^ise  this  central 
organ  as  the  heart,  which,  under  the  name  of  the 
ptmchim  saliens,  testifies  by  its  quick  and  regular 
pulsations  that  it  has  already  begun  to  exercise  its 
appropriate  function.  It  is  long,  however,  before 
it  acquires  the  form  which  it  is  permanently  to 


*  The  diBoOTCTf  of  tlus  fact  »  due  to  Faciler.     See  alto  tlie 
works  of  Rdando,  WtAff,  PrevoM  «od  Dtnoas,  ani  Ben«i. 
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retain ;  for  from  beii^  at  first  a  mere  leugtfaened 
tube,  preseDtiog  three  dilatations,  which  are  the 
cavities  of  the  future  auricle,  ventricle,  and  bulb 
of  the  aorta,  it  assumes  in  process  of  time  a 
rounded  shape,  by  the  folding  of  its  parts,  the 
whole  of  which  are  coiled,  as  it  were,  into  a 
knot,  by  which-  means  the  different  cavities 
acquire  relative  situations  more  nearly  coire- 
sponding  to  their  positions  in  the  devekiped  azkd 
finished  organ. 

The  blood-vessels,  in  like  manner,  undeigo  a 
teties  of  changes  quite  as  considerable  as  those 
of  the  heart,  and  totally  altering  their  arrange- 
ment and  distribution.  Serres  maiDtains  ihat 
the  primitive  condition  of  all  the  (wgauns,  ev«k 
those  which  are  generally  considered  as  single, 
is  that  of  being  double,  or  being  formed  in  pain ; 
one  on  the  right,  and  another  exactly  similar  to 
it  on  the  left  of  the  middle,  or  mesial  plane,  aa 
if  each  were  the  reflected  image  of  the  other.* 

*  A  remarkable  exemplificatioD  of  this  tendency  to  symmetric 
duplication  of  organs  occurs  in  a  very  extraordinary  parasitic 
animal,  which  usually  attaches  itself  to  the  gills  of  the  Ci/priiun 
brama,  and  which  has  been  lately  examined  by  Notdmann,  and 
named  by  him  the  Diplozoon  paradoxvm,  from  ita  having  the 
•emblance  of  two  distiuct  animals  of  a  lengthened  shape,  each 
bent  at  an  obtuse  angle,  and  Joined  tc^^ether  in  the  fonn  of  the 
tetter  X.  The  right  and  left  halve*  of  this  ctou  are  perfectly 
similar  in  their  organisation,  baring  each  a  complete  and  inde- 
pendent system  of  vital  organs,  excepting  that  the  two  alimentary 
canals  join  at- the  centre  of  the  cross  to  form  a  nngle  cavity,  or 
■tomach.    (Annalet  des  Sciences  Naturelles,  xxx.  373.) 
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Such  is  obriously  the  permanent  condition  of  all 
the  drgans  of  sensatioti,  and  also  of  the  appa- 
ratus for  locomotion :  and  it  has  just  been  shown 
that  those  portions  of  the  nerrous  system  vhich 
are  situated  in  the  mesial  plane,  such  as  the 
spinal  cord  and  the  brain,  consisted  originally  of 
two  separate  sets  of  parts,  which  are  brought 
together  and  c<Hijoined  into  single  organs.  In 
like  manner  we  have  seen  that  the  constituent 
taminee  of  the  heart  are  at  first  double,  and 
afterwards  form  by  their  union  a  single  cavity. 
The  operation  of  the  same  law  has  been  traced 
in  the  formation  of  those  vascular  trunks,  situated 
in  the  mesial  plane,  which  are  usually  observed 
to  be  single,  snch  as  the  aorta  and  the  vena 
cava:  for  each  were  originally  formed  by  the 
coalescence  of  double  vascular  trunks  running 
parallel  to  each  other,  and  at  first  sepaiBted  by 
a  considerable  interval  -,  then  approaching  each 
other,  adhering  tt^ether,  and  quickly  converted, 
by  the  obliteration  of  the  parts  which  are  in 
contact,  into  single  tubes,  throughout  a  consider- 
able portion  of  their  length.* 

Nature,  ever  vigilant  in  her  anticipations  of 


*  Thete  facti  were  first  obseired  by  Serre*  (Annates  des  Sc. 
Vat.  xxi.  8.),  and  their  accnntcy  has  beet)  confinned  by  the  ot>- 
■arTBtioDB  of  Dr.  Allen  Thonwon.  In  Beptiles  this  onioa  of  tbi 
two  constituent  trunki  of  the  aotts  is  effected  only  at  the  foa- 
tenor  part,  while  the  anterior  portion  remains  permanently 
double.  (See,  F%.  357,  toI.  ii.  p.  274.) 
VOL.  II.  B  H 


010  THE  REPRODUCTIVE  FUNCTIONS. 

the  wants  of  the  gystem,  has  accumulated  round 
the  embryo  ample  stores  of  nutritive  matter,  suf- 
ficient for  maiutaiaiug  the  life  of  the  chick,  and 
for  the  building  of  its  frame,  while  it  continues 
i9  the  egg,  and  is  consequently  unable  to  obtain 
supplies  from  without :  yet,  with  the  same  fore- 
sight of  future  circumstances,  shB  delays  not, 
knger  than  is  neceasaiy  for  the  complete  esta- 
blishment of  the  circulation,  to  coustract  the 
^paratus  for  digestion,  on  which  the  animftl  is 
to  rely  for  the  means  of  suppnt  in  after  life. 
The  aJimeatary  canal,  4^  which  no  trace  exists 
at  an  earlier  period^  is  constructed  by  the  for- 
mation of  two  lamime,  arising  from  folds  oi  th6 
innerauHt  of  the  policies  which  invest  the 
embryo ;  that  is,  on  the  surface  opposite  to  the 
one  which'  has  [woduced  the  spinal  marrow. 
These  huninae,  which  are  originally  separate, 
«ud  apart  from  one  anodwr,  are  brought  toge- 
ther, and  by  the  junction  or  soldering  of  their 
opposite  edges,  formed  into  a  tifbe,*  which,  firom 
being  at  fiist  uniform  in  diameter^  afterwards 
expands  into  several  dilated  pwtions,  corr^ 
Vpouding  with  the  cavities  of  the  stomach,  crop, 
gizzard,  &c.  into  which  they  are  to  be  conTerted. 
when  the  time  shall  come  for  their  active  em- 
ployment These  new  organs  are,  faowewr,  even 
in  this  then-  nidimental  state,  trained  to  the  per- 

*  Wolff  it  the  •utbortf  this  diwonrr. 
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fimuance  of  their  proper  offices,  receiving  into 
their  caTlties,  through  a  tube  temporarily  pro- 
vided for  that  purpose,  the  fluid  of  the  yelk,  and 
preparing  ncturishment  from  it. 

In  the  mean  time,  early  provision  ia  made  fot 
the  aeration  of  the  fluids  by  an  extraeite  but 
temporary  system  o(  vessels,  spread  over  Ae 
membrane  of* thd  eg^,  and  receiving  the  infiu' 
ence  6f  atmtopfaeric  oxygen  throoghi  die  sub- 
stance of  the  shell,  whiah  is  Sufficiency  ponout 
to  transmit  it ;  and  these  vessels,  being  brought 
into  commuDication  with  the  cinndatoryi^yBtem 
of  the  chick,  convey  to  its  Mood  this  vivifying 
agent.  As  the  lungs  cannot  crane  intO"usetffl 
ftftcT;tbe  bird  is  emancipated  from  its  prison^ 
and  as  it  was  sufficient  that  they  be  in  readiness 
at  that  epoch,  these  oi^ans  are  among  the  last 
which  are  constructed  i  and  as  the  mechanism 
<^  respiration  id  this  class  of  animals  dote  not 
require  the  play  of  the  diaphragm,  this  museulav 
partititm,  though  begun,  is  not  completed,  and 
there  is  no  separation  betweoi  the  cavities  of  tfae 
tbonix  and  the  abdomen. 

The  succession  of  orgsntc  metunorpfaoses  is 
equally  remarkable  in  the  formation  of  de 
(Versified  apparatus  for  a«rati(Hi,  which  is  re- 
quired to  be  gready  modified,  at  difileirent  peiiodd, 
in  order  to  adapt  it  t&  different  detteots :  of  this 
WBhave  already  seen  examples  in  those  insect» 
vhieh,  afl»  being  aqvetac  m  their  Iarv»  stat^ 
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•merge  ftom  the  water  when  they  have  acquired 
wings ;  and  also  in  the  steps  of  transition  from 
the  tadpole  to  the  frog.  But  similar,  though  leas 
ccmspicuous  changes  occur  in  the  higher  verte- 
brated  aninials,  during  the  eariy  periods  of  their 
formation,  corresponding  to  the  differences  ia 
the  modes  of  aeration  employed  at  difierent 
stages  of  develt^ment.  lu  the  primeval  coa- 
ditions  this  function  is  always  analogous  to  that 
of  aquatic  animals,  and  requires  for  its  perform- 
ance only  the  simpler  f<Hin  of  heart  already 
described,  consisting  of  a  ungle  set  of  cavities : 
but  the  system  being  ultimately  designed  to 
exercise  atmospheric  respiration,  requires  to  be 
gradually  adapted  to  this  altered  condition  ;  and 
the  heart  of  the  Bird  and  the  Quadruped  mmt 
be  separated  into  two  compaitments,  corre^Kind- 
iog  to  the  double  function  it  will  have  to  p^onn* 
For  this  puipose  a  partition  wall  must  be  built 
in  its  cavity ;  and  this  wall  is  accordingly  begwi 
around  the  interior  circumf^%nce  of  the  voi- 
tricle,  and  is  gradually  carried  on  towards  the 
centre,  there  being,  for  a  time,  an  aperture  of 
conununicataou  between  the  right  and  left  cavi- 
ties; but  this  aperture  ia  soon  closed,  and  the 
ventricle  is  now  effectually  divided  into  two. 
Next  the  auricle,  which  at  first  was  single, 
befM>me8  double ;  not,  however,  by  the  growth  of 
a  partition,  but  by  the  folding  in  of  its  sides, 
along  a  middle  line,  as  if  it  were  encompaseed 
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by  a  cord,  which  was  gradually  tightened.  In 
the  mean  while  the  partition,  which  had  divided 
the  ventricle,  extends  itself  into  the  trunk  of  the 
tnain  artery,  which  it  divides  into  two  channels ; 
and  these  afterwards  become  two  separate  ves- 
sels; that  which  issues  from  the  left  ventricle 
being  the  aorta;  and  the  other,  which  proceeds 
from  the  right  ventricle,  being  the  pulmonary 
artery ;  and  each  being  now  prepared  to  exercise 
its  appropriate  function  in  the  doable  circulatiota 
which  is  soon  to  be  established.* 

A  mode  of  subdivision  of  blood  vessels,  very 
ftimtlar  to  that  just  described,  takes  place  in 
those  which  are  s^t  to  the  first  set  of  oi^ans 
provided  for  aeration,  and  which  resemble 
branchiee.  These  changes  may  be  very  dis- 
tincdy  followed  in  the  Batrcickia  ;-^  for  we  see, 
in  those  animals,  the  trunk  of  the  aorta  under- 
going sncceseive  subdivisions,  by  branches  sent 
off  from  it  and  forming  loops,  which  extend  in 
length  and  are  again  subdivided,  in  a  manner  not 
unUke  the  unravelling  of  the  strands  of  a  rope ; 
each  subdivision,  however,  being  preceded  by 
the  formation  of  a  double  partition  in  the  cavity 
of  the  tube ;  so  that  at  length  the  whole  fonns 
an  extensive  ramified  system  of  branchial  arte- 

■  The  principal  authorities  for  the  facts  here  stated  are  Bsei 
and  Rolando.     See  the  paper  of  Dr.  Thomson  already  quoted. 

t  See  the  investigations  of  Ruaconi,  and  of  Baer,  on  this 
subject. 
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rieB  and  veins.'  Still  all  these  ate  morety  tem- 
porary stmotures ;  for  wfavn  the  period  of  cfaaitse 
approaofaes,  aad  the  branohie  are  to  be  auper- 
wded  in  tbdr  office,  ereiy  TcsBe],  e^e  after 
another,  becomes  oblitented,  and  there  remain 
only  the  two  original  aortn,  which  unite  into  « 
slni^e  trunk  lower  down,  and  from  which  prv- 
ceed  die  pulmonary  artertee,  cowreying  e^teir 
the  whole,  or  a  portion  of  the  blood,  to 
the  newiy  developed  resjpiratiny  e^;ans,  the 
lungs. 

By  a  similar  procees  of  continued  bifiireaUon, 
ev  the  detachment  of  branohet  in  Uie  farm  of 
loops,  new  Tessela  are  deTel<^>ed  in  other  parte 
of  the  body,  as  has  been  particulaify  ebSQne^ 
in  the  finny  tail,  and  the  external  gills  of  the 
frog,  and  the  newt,  parts  which  eauly  admit  of 
microacopical  examination.* 

Pregiess  is  in  the  mean  while  inaking  in  the 
baiMing  <^  the  skdeton,  the  fottas  of  the  prin- 
etpe]  bones  being  modelled  in  a  gelatinous  sub- 
stance, which  is  con^wrted  into  cartile^,  ban- 
ning at  the  sgrface,  and  gradually  adTUMing 
towards  the  ceatre  of  each  portion  or  elein^t  of 
the  fixture  b(»ie;  and  thus  a  temptwaiy  solid 
and  elastic  scafft^ng  is  raised^  suited  (o  tt^ 


•  Such  IB  the  result  of  the  concurring  obMrratioM  of  Spallwi- 
nni,  FoBtut,  and  Dollingier. 
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pnnrided  only  for  this  temporary  use  appeum 
from  the  circumataiice  of  its  fsUtDg  (^  qioo- 
taneoiuly  in  the  course  <^  three  or  Jbw  days 
after  it  baa  been  bo  employed. 

But  though  the  bird  has  now  gained  Ma 
liberty,  it  is  still  unable  to  provide  Im  its  ovm 
maintauuice,  and  requires  to  be  fed  by  its  pa- 
rmt  tUl .  it  can  use  its  wings,  and  has  learned 
the  art  of  obtaining  food.  The  pigeon  ui  fur- 
nished by  nature  with  a  secretirai  fircnn  the  <X9p, 
with  which  it  feeds  its  young.  In  the  MamraaliR 
the  same  object  is  provided  for  still  more  ex- 
pressly, by  means  of  glands,  whose  office  it  is  to 
prepare  miik,  a  fluid  which,  from  its  cbemicaL 
qualitieBi  is  admirably  adapted  to  the  powen  <^ 
the  digestiTe  wgans,  when  they  first  exerrise 
their  functions.  The  Cetacea  have  also  main- 
mary  ^ands ;  but  as  the  structure  of  the  moutb 
and  throat  of  the  young  in  that  class  does  oot 
appear  adapted  to  the  act  of  sucking,  thei<e  has 
always  been  great  difficulty  in  understanding 
bow  they  obtain  the  nourishment  so  provided- 
A  recent  discovery  of  Geoffroy  St.  Hilaire  ap- 
pears to  have  resolved  the  mystery  with  respect 
to  the  Delphimts  globicepay  fw  he  found  that  the 
mammary  glands  of  that  animal  Contain  ent^ 
a  lai^e  reservoir,  in  which  milk  is  accumulated, 
and  which  the  dolphin  is  capable,  by  the  action 
of  the  surrounding  muscles,  of  emptying  at  ook» 
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into -the  mcwdi  of  its  young,  without  reqniriD^ 
trodt  the  latter  any  effort  of  suctioa.* 

The  rapid  sketch  ^ich  I  hare  attempted  to 
draw  of  the  more  remarkable  steps  of  the  eariy 
stf^es  of  organic  developement  in  the  higher 
animals,  taken  in  conjunction  with  the  facts  al- 
ready adverted  to  in  various  parts  of  this  Trea- 
tise, and  particulariy  Uiose  relating  to  ossifica- 
tion, dentition,  the  formation  of  hair,  of  the  quiHs 
of  the  poreupine,  of  the  antlers  (^  the  stag,  and 
of  the  feathers  df  birds,  will  suffice  to  show  that 
they  are  r^ulated  by  laws  which  are  definite, 
and  preordained  according  to  the  most  enlarged 
and  profound  views  of  the  future  circumstances 
ami  wants  of  the  system.  The  double  origin  of  all 
the  parts  of  the  frame,  even  those  which  appear 
as  single  organs,  and  the  order  of  their  forma- 
tion, which,  in  each  system,  cmumences  with  the 
parts  most  remote  from  the  centre,  and  proceeds 
inwards,  or  towards  the  mesial  plane,  are  among 
the  most  singidar  and  unexpected  results  of  this 
train  of  inquirles-t     We  cannot  but  be  forcibly 

*  The  account  of  this  diKovery  is  contained  in  a  memoir  which 
was  read  at  the  "  Institut."  March  24,  1834. 

f  The  6rat  of  these  two  laws  is  termed  b;  Serrea,  who  has 
zeakiusly  prosecuted  these  investigations,  "  la  loi  de  tymmttrie:" 
and  the  second,  "  la  loi  de  cottjugaison."  He  maintains  that 
they  are  strictly  applicable  to  all  the  parts  of  the  body  having  a 
tubular  ft>Tni,>uchaa  the  trachea,  tiie  Eustachian  tube,  the  canals 
and  perfuratjona  of  bones,  tec.     See  the  preliminary  dttcoyne  to 
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strnck.  with  the  uiimat>u8  forma  of  truiHtkn 
through  which  every  organ  has  to  pass  heSore 
arriTii^  at  its  ultimate  and  comperatiTely  per- 
manent condition :  we  cannot  but  wonder  at  the 
Tast  apparatus  which  is  proTided  and  put  in 
action  tor  effecting  all  these  changes ;  nor  can 
we  overUx^  the  instances  of  express  contrivance 
in  the  formation  of  so  many  temporary  struc- 
tures, which,  are  set  up,  like  the  scafifold  of-  an 
edifice,  in  order  to  afford  the  means  of  trans- 
porting the  materials  of  the  building  in  propor- 
tion aslhey  are  wanted ;  nor  refiise  to  recognise 
the  evidence  of  provident  design  in  the  regular 
order  in  which  the  wo^  proceeds,  every  organ 
growing  at  its  appointed  time,  by  the  additi<m 
of  fresh  particles  brought  to  it  by  the  arteries, 
while  others  are  carried  away  by  the  absorbents, 
and  gradually  acquiring  the  form  which  is  to 
qualify  it  for  the  performance  of  its  prt^r 
office  in  this  vast  and  complicated  system. 

bit "  Anatomis  compart  dn  ctmm,"  p.  25;  and  alaa  tui  »• 
Tenl  meiaoira  id  the  "  AmuJu  d««  Sciencea  NUoiellei,"  voU.  xi. 
xii.  xvL  and  xxi. 

Ad  exceHent  lummary  cJ  the  priDcipal  facta  relating  to  the 
derelopement  of  the  embryo  ia  given  by  Mr.  Herbert  Hsto,  in 
the  third  cdi6oa  of  bit  "  OutlioM  of  Human  Physiology." 
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DECUNE  OP  THE  BYVTEM. 

To  jbllow  minHtely  the  various  steps  by  wbioh 
Nature  cepducte  the  indlTidual  to  its  state  of 
maturity,  would  engage  us  in  details  incom- 
patible with  the  limits  of  the  present  work. 
I  shall  only  remark,  in  general,  that  during  the 
period  when  the  body  ia  intended  to  increase  in 
size,  the  powers  of  assimilation  are  exerted  to 
prepare  a  greater  abundance  of  nourishment,  so 
that  the  average  supply  of  materials  rather  ex- 
ceeds the  (wnsumption :  but  when  the  &bric  has 
attained  its  prescribed  dimensions,  the  total 
quantities  furnished  and  expended  being  nearly 
Jtalanced,  the  vital  powers  are  no  longer  exerted 
in  extending  the  fabric,  but  are  employed  in 
consolidating  and  perfecting  it,  and  in  qualifying 
the  oi^ans  for  the  continued  exercise  of  their 
respective  functions,  during  a  long  succession  of 
years. 

Yet,  while  every  function  is  thus  maintained 
in  a  state  of  healthy  equilibrium,  certain  changes 
are  in  progress  which,  at  the  appmnted  season. 
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will  inevitably  bring  on  the  dedine,  and  ulti- 
mate destruction  of  the  system.*  The  proceae 
of  consolidation,  begun  from  the  earliest  period 
of  derelopement,  is  still  advancing,  and  is  pro- 
ducing in  the  fluids  greater  thickness,  and  a 
reduction  of  their  total  quantity ;  and  in  the 
solids,  a  diminution  in  the  proportion  of  gelatin, 
and  the  conveswon  of  this  element  into  albumen. 
Hence  all  the  textures  acquire  increasing  so- 
lidity, the  c^ular  substance  becomes  firmer  and 
more  condensed,  and  the  solid  structures  more 
rigid  and  inelastic  :  hence  the  tendons  and  liga- 
mentous fibres  growing  less  flexible,  the  jointa 
lose  their  suppleness,  and  the  contractile  power 

*  It  wonld  appear  from  the  letMicbea  of  De  C««loIl«,  thai 
Uie  Tegetablc  lyatem  U  not,  like  the  aninal,  subject  to  the 
dettnictive  operation  of  interaHl  causes ;  for  the  agents  which 
destroy  vegetable  life  are  always  extraneous  to  its  economy. 
Each  individual  tree  is  composed  of  an  accumulation  of  theshoMs 
of  every  succeuire  yeai  since  the  commencement  of  its  ^owtb  ; 
and  although,  from  the  continued  deposition  of  lignin,  and  the 
consequent  obliteration  of  many  of  its  cells  and  vessels,  the  vi- 
tality of  the  interior  wood  may  be  destroyed,  and  it  Aen  becomes 
liable  to  decay  by  the  action  of.  foreign  agents,'  yet  the  eatenor 
layers  of  the /i6er  still  vegetate  with  undiminished  v^ur;  and, 
unless  injured  by  causes  extraneous  to  its  own  system,  the  life  of 
the  tree  will  continue  to  be  sustained  for  an  indefinite  period. 
If,  on  theotiter  hand,  we  were  to  re^rd  each  separate  shodtatftn 
individual  o^anic  body,  and  every  layer  as  constjUitiiig  a  dis- 
tinct generation  of  shoots,  the  older  being  covered  and  enclosed 
in  succession  by  the  younger,  the  great  longevity  of  a  tree  would, 
on  this  hypothesis,  indicate  only  the  permanence  of  the  specica, 
not  the  indefinitely  protracted  daration  of  the  individaal  plant. 
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virile  gliding  domi  the  stream  of  time,  we  lapse 
into  old  age,  irhich  insidiously  steals  on  us 
before  we  are  aware  of  its  approach.  But  Uie 
same  proTideat  power  which  presided  at  our 
birth,  which  superintended  the  growlii  of  all  tfie 
organs,  which  infused  animaticm  into  each  at 
they  arose,  and  which  has  conducted  the  system 
unimpaired  to  its  maturity,  is  still  exerted  in 
adjusting  the  conditioiw  under  which  it  is 
[daced  in  its  season  of  decline.  New  amnge* 
ments  are  made,  new  enei^e»  are  called  forth; 
and  new  reeonrces  are  employed,  to  accommo- 
date it  to  its  altered  circumstances,  to  pn^  the 
shattered  fiabric,  and  retard  the  progress  of  ics 
decay.  In  {Htiportion  as  die  supply  of  nutritive 
mstmals  has  become  lees  abundant,  a  more 
strict  ecoiHHuy  is  practised  with  regard  to  their 
disposal ;  the  substance  of  the  body  is  bu«- 
banded  with  greats  care ;  the  absorbent  rtmtA» 
ftre  employed  to  remove  such  parts  as  are  do 
longer  usefol ;  and  when  all  these  adfastments 
have  been  made,  the  fanctioos  still  go  on  linr 
a  considemble  length  of  time  without  materia) 
alteration. 

The  period  presoibed  for  its  dnrktiMi  bein^ 
at  length  completed,  and  the  ends  of  its  exirt- 
ence  acoonplished,  the  fobric  can  no  hmgor 
he  sustained,  and  preparation  must  be  made 
for  ite  inevitable  foil.  In  otder  t»  Sana  Btm^ 
vect  jitdgmetti  of  Ae  real  latmlions  tif-  aittHt^, 
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tton  of  the  blood  in  the  lungs,  cannot  survive 
the  interruption  of  this  function;  and  on  the 
heart  ceasing  fo  throb,  death  may  then  be  consi- 
dered as  complete  in  every  part  of  the  system. 

It  is  an  important  consideration,  with  refer- 
ence to  final  causes,  that  generally  l<Hig  before 
the  commencement  of  this 

"  Last  scene  of  all. 
That  ends  this  itrange  eventful  hutory," 

the  power  of  feeling  has  wholly  ceased,  and  the 
physical  struggle  is  carried  <m  by  the  Tkal 
powers  alone,  in  the  absence  of  all  consciousneas 
of  the  sentient  being,  whose  death  may  be  said 
to  precede,  for  some  time,  that  <^  the  body.  In 
this,  as  well  as  in  the  gradual  decline  c^  the  sm- 
soiial  faculties,  and  the  consequent  diminntion 
both  of  mental  and  of  physical  sensibility  in 
advanced  age,  we  cannot  fail  to  recognise  the 
wise  ordinances  of  a  superintending  and  boie- 
ficent  providence,  kindly  smoothing  the  path 
alcHig  which  we  descend  the  vale  of  life,  spread- 
ing a  narcotic  mantie  over  the  bed  of  death,  and 
giving  to  the  last  moments  of  d^>artii^  senaa- 
tion  the  trasquillify  of  approaching  sleep. 
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UNITY  OF  DB8ION. 

The  inquiries  on  Animal  and  Vegetable  Physi- 
ology in  which  we  have  been  engaged,  lead  to 
the  general  conclusion  that  unity  of  design  and 
identity  of  operatiop  pervade  the  whble  of  nature ; 
and  they  cleariy  pfflnt  to  one  Great  and  only 
Cause  of  all  things,  arrayed  in  the  attributes  of 
infinite  power,  wisdom,  and  benevolence,  whose 
mighty  works  extend  throughout  the  boundless 
legiwis  of  space,  and  whose  comprehensiVe  plans 
^oAbrace  eternity. 

In  examining  the  manifold  structures  and 
diversified  phenomena  of  living  beings,  we  can- 
iiot  bat  perceive  that  they  are  extensively,  and 
perhajA  universally  connected  by  certain  laws  of 
Analogy ;  a  principle,  the  recognition  of  which 
has  given  us  enlarged  views  of  a  multitude 
of  important  facts,  which  would  otherwise  have 
remained  isolated  and  unintelligible.  Hence 
naturalists,  in  arranging  the  objects  of  their 
study,  according  to  their  similarities  eind  ana- 
logies, into  classes,  orders  and  genera,  have  but 
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fdlowed  the  fooUteps  of  Nature  beradf,  who  io 
all  her  opeiations  combines  the  apparently  op- 
pOBite  principles  of  general  resemblaDce,  and  of 
specific  ^uiety ;  so  Uiat  the  races  which  she 
has  united  in  the  same  group,  though  possessed 
of  features  individually  different,  may  easily  be 
recognised  by  their  family  likeness,  as  the  off- 
spring of  a  common  parent. 

"  Facie*  non  omnibus  una  ; 
Nec  difena  Umen ;  qnalem  decet  esse  sororam.'* 

We  have  seen  that  in  each  of  the  two  great 
diTisions,  or  kingdoms  of  oi^ganic  nature,  the 
same  general  objects  are  aimed  at,  and  the  same 
general  plans  are  devised  feu-  their  accompliah- 
ment;  and  also  that  in  the  executiDa  of  thoee 
plans  similar  means  and  agokcies  are  employed.. 
In  each  diviuon  there  prevails  a  remarkable 
uniformity  in  the  composition  and  properties  ftf 
their  elementary  textures,  in  the  nature  of  their 
Tital  powers,  in  the  arrangement  of  their  oi^gaoa. 
:and  in  the  laws  of  their  production  and  derelc^pe- 
ment.  The  same  principle  of  analtn^  raiE^  be 
traced,  amidst  endLese  modificatiions  of  detail,  in 
fdl  the  subordinate  groups  into  which  ea<^ 
kingdom  admits  ni  being  subdivided,  both  ia 
respect  to  the  organization  and  funotions  of 
the  objects  comprehended  in  enoh  aasemblage. 
whether  we  examine  the  wondend  oi  their  me- 
chanical fabric,  or  study  the  series.of  pMcewes  by 
which  nutrition,  sensation,  voluntary  motion,  and 
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reprodnction  are  effected.  To  specify  all  the 
examples,  whidh  mi^ht  be  adduced  in  confirma- 
tion of  litis  obTious  truth  is  here  unnecessary ; 
for  it  would  be  only  to  repeat  the  numerous  facts 
already  noticed  in  every,  chapter  of  this  treatise, 
relatire  to  each  natural  group  of  liTtng  beings : 
and  it  was,  indeed,  chiefly  by  the  aid  of  such 
aottlo^es,  that  we  were  enabled  to  connect  and 
genecalize  those  facts.  We  have  seen  that,  in 
ccmstructing  each  of  the  diTisions  so  established. 
Nature  appears  to  have  kept  in  view  a  certain 
definite  type,  or  ideal  Stanford,  to  which,  amidst 
innumerable  modificatioDs,  rendered  necessary 
by  the  varying  circumstances  and  different  des- 
tinations of  each  species,  the  always  shows  a 
decided  tendency  to  coufcmn.  It  woold  almost 
seem  asif,  ui'  laying  the  foundations  of  each  or- 
ganized fabric,  she  had  commenced  by  taking 
an  exact  copy  :of  this  primitive  model ;  and,  in 
building  the  snperatractope,  had  allowed  herself 
to  depart  from  the  original  plan  only  for  ibe  pur- 
pose of  accommodation  to  certain  spe<afic  and 
ulterior  objects^  conformably  with  the  detiina- 
tiw  of  that  particular  race  of  creatad  beings. 
Such,  ffldeed,  is  ihe.  hypothetical,  principle, 
wluch,  under  ^be  tide  of  uuity  of  eaa^oxitvm, 
has  been  adopted,  and  zealously  pursued  in  tdl 
its  consequences,  by  many  naturalists,  of  the 
highest  eminence,  on  the  contment.  As  the 
fects  vn  which  this  hypothesis  is  si^ported,  and 
the  views  which  it  unfolds,  are  highly  deserving 
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of  attmUon,  I  shall  here  briefly  state  th«n ;  but 
in  M>  doing  I  shall  b^  to  premise. the  cantion 
that  these  views  should  ffur  the  pfeaent  be  re^ 
garded  as  hypothetical,  and  as  by  no  means  pos- 
sessing the  certainty  of  philosophical  generali-^ 
zations. 

The  hypothesis  in  questioa  is  counteaancedi 
in  the  first  place,  by.  the  ■supposed  constanoy 
with  which,  in  all  the  animals  belonging  to  thti 
same  natural  group,  we  meet  with  the  same  ooB' 
Btitoent  elements  of  structure,  in  each  re^ectiTe 
system  of  organs,  notwithstanding  the  utmost 
diversity  which  may.  exist  in  the  forms  of  the 
organs,  and  in  the  uses  to  which  they  are  ap- 
plied. This  principle,  has  been  most  strikingly 
exemplified  in  the  osteology  of  vertebrated  ani- 
mals; but  its  truth  is .  also  inferred  from  the 
examination  of  the  mechanical  fabric  of  Insects, 
Crustacea,  and  Arachnida^  and  itaf^ean  to 
extend  also  to  the  structm^s  subservient  to  other 
fonctions,  and  particularly  those  of  the  nerrous 
system.  Thus  Nature  has  provided  for  the 
locomotion  of  the  serpent,  not  by.  the*  tureatioA 
of  new  Btnictures,  fi»«gn  to  the  type  of.tbe 
.veftebrata,  but  by  employing  the  ribs  in  thiB 
new  office.;  and  in  giving  wings  to  a  liaard, 
she.  has  extended  these  same  bones  to  serve,  as 
supports  to  the  superadded  parts.  In  armi^ 
the  el^hant  with  tuaks,  she  haa  m»aly.  caused, 
two  of  the  teeth  in  theuj^ier  jaw  to  be  developed 
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JDto  these  formidable  weapcms  *,  and  in  providing 
it  nHth  an  instrument  of  prehension  has  only 
resOTted  to  a  greater  elongation  of  the  snout. 

The  law  of  Gradation,  in  conformity  to  which 
all  the  living,  together  with  the  extinct  races,  of 
oi^anic  nature,  arrange  themselTes,  more  or  lees,- 
into  certain  regular  series,  is  one  of  the  conse- 
quences which  have  heen  deduced  from  th^ 
hypothesis  we  are  considering.  Every  fresh 
copy  taken  of  the  original  type  is  supposed  to 
receive  some  additional  extension  of  its  faculties 
and  Midowments  by  the  graduated  developeinent 
of  elements,  which  existed  in  a  latent  form  in 
the  primeval  germ,  and  which  are  evolved,  in 
s«ccee«(Hi,  as  nature  advances  in  hei*  course. 
Thus  we  find  that  each  new  form  which  ariseSj 
in  following  the  ascending  scale  of  creation^ 
jet^ns  a  strong  affinity  to  that  which  hdd 
^^ceded  it,  and  aUo  tends  to  impress  it^  own 
features  on  those  which  immediately  succeed  ^ 
and  thus  their  specific  differences  result  mei<ely 
from  the  different  extent  and  direction  giveh  to 
these  organic  developements ;  those  of  inferi(^ 
races  proceeding  to  a  certain  point  only,  and 
there  stopping;  while  jn  beings  of  a  higher 
rank  they  advance  farther,  and  lead  to  all  the 
observed  div««ities  of  conformaUon  and  endow- 
ments'. 

It  is  remarked,  in  further  corroboration  of 
these  views,  that  the  animals  which  occupy  the 
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highest  stations  in  each  aeries  poseess,  st  the 
commeDcement  of  their  existence,  forms  exhilnt- 
ing  a  marked  resemblance  to  those  presented  in 
the  permanent  condition  of  the  lowest  animals 
in  the  same  series;  and  that,  during  the  pro- 
gress of  their  derelopement,  they  anume,  in 
succession,  the  characten  of  each  tribe,  corc«- 
sponding  to  their  consectitiTe  order  in  the 
ascending  chain  :  so  thai  the  peculiarities  «4ucfa 
distinguish  the  highor  animal,  on  its  attaining 
its  ultimate  and  permanent  Sana,  are  those 
which  it  had  receiTed  in  its  last  stage  of  embry- 
onic evolution.  Another  consequence  of  Uus 
hypothesis  is  that  we  may  expect  occaakmally 
to  meet,  in  inferior  animals,  with  rodimental  or- 
gans, which  from  their  imperfect  developement 
may  be  of  little  or  no  use  to  the  individual,  bat 
which  become  available  to  some  superiw  spedes, 
in  which  they  are  sufficiently  perfected^  The 
following  are  among  the  most  rentarkable  &cts 
in  illustration  of  these  proportions.  i< 

Ih  the  series  of  Articulated  Animals,  of  which 
the  Annelida  constitute  the  lowest,  and  winged 
Insects  the  highest  tenns,  we  find  Uistthe  krvK 
of  the  latter  are  often  scarcely  distingoishHblea 
either  in  outward  £ann,  w  in  internal  (^ganiza- 
tion,  from  Vermes  of  the  lower  (niders;  both 
being  equally  destitute  of,  or  but  imperfectly 
provided  with  external  instruments  of  locomo- 
tion; both  having  a  distinct  vascular  circulation. 
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and  muhiple  organs  of  digeetioa ;  mkI  the 
central  filaments  of  the  nerrous  mjfBtem  in  boUt 
being  studded  with  numerous  pairs  of  equidis- 
tant ganglia.  ■  In  the  worm  all  these  features 
remain  as  permanent-characters  of  the  order:  in 
the  insect  they  are  subsequently  modified  and 
altered  diiring  its  progreaaiTe  metamorphoses. 
The  embryo  of  a  crab  resembles  in  appearance 
die  permanent  forms  of  the  Myriapeda,  and  of 
the  lower  animals  of  its  own  class,  but  acquires, 
in  the  pn^resB  of  its  growth,  new  parts ;  while 
those  already  evolved  become  more  and  more 
concentrated,  passing,  in  their  progress,  through 
ell  the  forms  f^  transition  which  characterise 
the  int^mediate  tribes  of  Crustacea;  till,  the 
toimal  attains  its  last  8t^»,  and  then  exhibits 
the  ntoBt  developed  coaditi<Hi  of  that  particular 
type.* 

However  different  the  ctmformations  of  the 
Fish,  the  Reptile,  the  Bird,  and  the  Warm 
blooded  Quadruped,  may  be  at  the  period  of  their 
maturity,  they  are  scanty  distinguishable  from 
one  another  in  their  embrycmic  state  ;  and  their 
eaiiy  developement  proceeds  for  some  time  in 

*  This  curious  analog  is  particuladj  observable  in  the  suc- 
cesBtre  forms  auumed  by  tbe  neiroas  syitem,  vhieh  exhibit*  a 
gradual  punge  from  tbat  of  the  Taliirtu,  to  its  ul^^te  greftt- 
est  concentratioa  in  the  Maia.  (See  Figures  439  and  441,  p. 
543  and  545.)  Milne  Edwards  has  lately  traced  a  similar  ymt- 
greuion  of  deTelopement  in  the  organs  of  locomotion  of  the 
CitiataEea.    (AnniJes  dsa  Boencei  NatonUet;  xxx,  354.) 


033  UNITY  or  DESIGN. 

the  same  manner.  They  all  pmweis  at  fist 
the  characters  d  aquatic  animah;  and  the 
Frog  eren  retains  this  form  Ibr  a  cooaideral^ 
period  after  it  has  left  the  e^.  .  The  young 
tadpole  is  in  truth  a  fish,  whether,  ire  regard 
the  form  and  actions  of  its  imtnimeiits  of-iwo- 
grewive  motion,  the  arrangement  <Mf  its  oi|;aiM 
of  circolatiou  and  of  respiration,  or  the  condilHou 
of  the  central  organs  of  its  nerrous  ayitfem;  We 
have  seen  by  what  gradual  and  curious  tranai- 
tiMis  all  these  aquatic  characters  are  changed 
for  those  of  a  terrestrial  quadruped,  finished 
with  limbs  for  moving  on  the  ground,  and  with 
lungs  for  breathing  atmospheric  air ;  and  bow 
the  plan  of  circulation  is  altered  from  braudiial 
to  pulmonary,  in  proportion  aa  the.gUb.widier 
and  the  lungs  are  derekq>ed.  1^  while  this 
change  is  going  on,  and  while  both  sets  of 
organs  are  together  executing  the  function  of 
aeration,  all  further  developement  were  pre- 
vented, we  should  have  an.  amphibious  aaimal, 
fitted  for  maintaining  life  both  in  air  and  in 
yrater.  It  is. curious  that  this  precise  Cdrtdidan 
is  tbe  permanent  state  of  the  Sinm  and  the 
Proteus,  animals  which  thus  exemplify  one  .of 
the  forms  oi  traniition  in  the  metamorphoses  of 
the  Frog. 

In  the  rudimeatal  form  of  the  feet  of  serpraitB, 
which  are  so  imperfectly  developed  as  to  be 
cwicealed  anAvmcath  the  akin,  and  to.be  imb^ 
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lesB  as  cH-gans  of  prt^resuve  motion,  we  have  an 
example  of  the  first  stage  of  that  process,  which, 
when '  carried  £irther  in  the  higher  animals, 
gives  rise  to  the  limbs  of  quadrupeds,  and  which 
it  would  almost  seem  as  if  nature  had  instituted 
wkh  a  prospective  view  to  these  more  improved 
censtructioDS.  Another,  and  a  still  more  re- 
maricaye  instance  of  tlie  same  kind  occurs  in 
the  nidimeaatal  teeth  xxS  the  young  of  the  Whale; 
which  are  concealed  wHhin  the  lower  jaw,  and 
which  are  aflerwards  removed,  to  give  place  to 
the  oimous  filtering  apparatos,  which  occupies 
the  roof  of  the  mouth,  and  which  nature  tuis 
substituted  for  that -of  teeth,  as  if  new  objects^ 
saperseding  -  those  at  -  first  pursued,  bad  arisen 
in  tfae~pn^;ress  of  developement. 
'  Birds,  though  destined  to  a  very  different 
sphere-of  action  iirom  either  fishes  or  reptiles,  are 
yet  observed  to  pass,  in  the  embryonic  stt^  of 
their  exisioice,  through  fwrns  of  transition,  which 
successively  resemble  these  ioferior  classes. 
Tlie  brain  presents,  in  its  earliest  fcmnatioD,  a 
series'  of  tubercles,  placed  longitudinally,  like 
those  of  fishes,  and  only  assuming  its  proper 
cfaaraicter  at  a  later  period.  The  respiratory 
OTgaosare  atfirstbranchise,  placed,  like  those  of 
fishes.' in  the  neck,  where  there  are  also  found 
branchial  apertures  similar  to  those  of  the  lam^ 
[wey  and  the  shark;  and  the  heart  and  great 
v«sels  are  constructed  like  those  cd*  the  tadpotev 
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with  reference  to  a  branchial  circulation.  In 
their  convenion  to  the  purposes  of  aerial  raspi- 
ratioD,  they  undeigo  a  series  of  changes  pre- 
cisely  analogous  to  tfaose  of  the  tadpole. 

Mammalia,  during  the  eaily  periods  of  their 
developement,  are  subjected  to  all  the  tnuuform- 
lUions  which  have  been  now  described,  com- 
mencing  with  an  o^piaization  correi^nding  to 
that  of  the  aquatic  tribes,  exhibiting  not.  only 
branchise,  suppOTted  on  branchial  arches,  bat 
also  bruichial  apertures  in  the  neck,  and  tbenoe 
passing  quickly  to  the  conditioos  of  stmctare 
adapted  to  a  terrestrial  existence.  The  deve- 
lopemoit  of  rarious  parts  of  the  system,  nKve 
especially  of  the  brain,  the  ear,  the  mouth,  and 
the  extremities,  is  carried  still  farther  than  in 
birds.  Nor  is  the  fauinan  embryo  exempt  from 
the  same  metamorphoses,  possessing  at  one 
period  branchis  and  branchial  ^tortures  similar 
to  those  of  the  cartil^noiu  fishes,*  a  heart  with 
a  single  set  of  cavities,  and  a  brain  consisting  of 
a  longitudinal  aerws  of  tubercles;  oott  lo^ng 
its  branchiee,  and  acquiring  lungs,  while  the 
circulation  is  yet  single,  and  thns  imitating  the 
condition  of  the  reptile ;  then  acqniring  a  douUe 
dreulation,  but  an  incomplete  diaphragm,  like 
birds ;  afterwards,  appearing  like  a  quadruped, 

*  These  facta  are  ^ven  on  the  authwHie*  of  Ratbke,  Baer, 
iiu§chke,  Brewbet.  ftc.  Ann.  dea  Sc.  Nfttnrelle*,  xr.  266.-.  Sea 
itlso  lbs  paper  of  Dr.  A.  Thotiian,  aliMdy  quolad. 
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whh  a  caudal  prolongation  of  the  Bacnim,  and 
an  intenuaxiilaiy  bone ;  and  lastly,  changing  its 
stracture  to  one  adapted  to  the  erect  position, 
accompanied  by  a  great  expansion  of  the  cerelnal 
hemispheres,  which  extend  backwards  so  as 
oompletely  to  corer  the  cerebellum.  Tlnu  does 
the  whole  fabric  arriTC,  by  a  gradual  pn>cese  of 
mutatidn,  at  an  extent  of  elaboration  and  refine- 
ment, nnattained  by  any  otber  race  of  terrestrial 
bein^,  and  wliich  has  been  justly  regarded  as 
eonstitutiog  the  climax  of  organic  develope- 
mcoit.* 

It  must,  I  think^  be  admitted  that  the  analo- 
gies, on  which  the  hypothrais  in  question  is 
founded,  are  numerous  and  striking ;  but  great 
care  should  be  taken  not  to  carry  it  farther  than 
the  jnst  interpretation  of  the  &cts  themselves 


*  A  poptder  opiiiion  bu  lo!a|;  prevailed,  even  among  the 
well  infonned,  that  ibis-Bkapen  oi  monslrouB  pfoductioSB;  or 
'iusKt  Ttaturce,  as  the;  were  termed,  exhibit  but  the  freaks  of 
nature,  who  was  believed,  on  these  occasions,  capriciously  to 
kbandoQ  h«T  osnal  coune,  and  to  amuse  herself  in  the  production 
of  groteaqnc  boi^s,  vitboot  any  special  object.  But  it  is  now 
found  diat  all  defective  formations  of  this  kind  are  occasioned 
by  the  imperfect  deTelopement  of  some  parts  of  the  embryo, 
irtiile  the  natural  process  is  carried  on  in  the  Test  of  the  system ; 
Snd  thus  it  happens  that  a  reaemblance  may  often  be'traced,  in 
these  malformations,  with  the  type  or  the  pennanent  coaditioB 
of  some  inferior  animal.  Hence  all  these  apparent  anomalies 
are,  in  reality,  in  perfect  harmony  with  the  established  laws  of 
•Tganic  devekpement,  and  afford,  indeed,  striking  confinnatieBt 
of  the  truth  of  the  theoTy  here  explained. 
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may  warrant.  It  should  be  borne  in  .mind 
that  these  facts  are  few,  compared  with  the 
entire  history  of  animal  derelopement ;  and  thai 
the  resemblancee  which  have  been  so  ingeniously 
traced,  are  partial  only,  and  fall  very  short  of 
that  tmiTersality,  which  alone  constitutes  the 
•olid  basis  of  a  strictly  philosophical  theory. 
Wbaterer  may  be  the  apparent  similarity  be- 
tween one  animal  and  another,  during  different 
periods  of  their  respectiTe  developements,  there 
still  exist  specific  differences,  eetaUishing  be- 
tween them  an  impassable  barrier  of  separ^ion, 
and  effectually  preventing  any  conTersiMi  of  cme 
epecies  into  another,  howerer  nearly  the  two 
may  be  mutually  allied.  The  essential  charac- 
ters of  each  species,  amidst  occanonat  varieties, 
remain  ever  constant  and  immutable.  Although 
gradations,  to  a  greater  or  less  extent,  may  be 
traced  among  the  races  both  of  plants  and 
animals,  yet  in  no  case  is  the  series  strictly 
continnons ;  each  st^,  however  short,  being  in 
reality  an  abrupt  tranution  from  one  type  of 
ctHiformatioD  to  another.  In  many  instances  the 
interval  is  considerable ;  as  for  example  in  the 
passage  from  the  invertebrate  to  the  vertebrated 
classes;  and  indeed  in  every  instance  where 
great  changes  in  the  nature  and  arrangement  of 
the  functions  take  place.*     It  is  in  vain  to  allege 

*  See  a  paper  on  this  rabject,  by  Cuvier,  io  tlu  Ami.  doa 
Scknces  NaUirelles,  xx.  341. 
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fimcies  that  he  can  sa{>ersede  the  oporatums  <d 
DiTine  agency.* 

Veiy  different  waft  the  humble  spirit  of  Uie 
great  Newtcm,  who,  struck  wi^  the  immenBity 
of  nature,  compaied  our  knowledge  of  her  ope- 
ratidnB,  iatb  which  he  had  himself  penetrated  so 
deeply,  to  that  of  a  child  gathering  pebbles  on 
the  sea  shore.  Compared,  indeed,  with  the 
m^nitude  of  the  imiTene,  how  narrow  is  the 
field  oi  our  perceptions,  and  how  Sax  distant 
fipom  any  E4>pnHumation  to  a  knowledge  of  the 
essence  of  matter,  of  the  source  of  its  powi«8,  or 
eren  of  the  ultimate  configurations  of  its  parte ! 
How  remote  frfun  all  human  cognizance  are  the 
inthnate  properties  of  those  imponderable  agait\ 
Ijght,  Heat,  and  Electricity;  which  perrade 
^pace,  and  exercise  so  potent  a  control  orer  all 
the  bodies  in  nature!     Doubtless  there  enst 

*  Allusion  is  here  made  to  the  celebrated  theory  of  Lanarclc, 
u  exposed  in  hit  "  Philosophy  Zoologiqne."  He  coacsive« 
Axt  then  ww  origiiutUriao  diitiactioil'of  ^)«cicft,  but  that  each 
race  has,  in  the  couT«e  of  agea,  been  derived  from  tome  otba', 
less  perfect  than  itself,  by  a  spontaneous  effort  at  improvement ; 
aad  he  supposes  that  infusorial  animalculesj  spontaneously 
tanmd  out  of  o^anio  moiecolea,  gave  birdi,  by  sscccanre  tnms- 
formations,  to  all  other  animals  now  existing  on  the  globe.  He 
believea  that  tribes, .  originaUy,  atjuatic,  acqnired  by  their  own 
efibrts,  prompted  by  their  deure  to  walk!  both  feet  and  legs, 
fitting  them  for  progression  on  the  gnHind;  and  that  these 
membttrt,  by  the  long  condnoed  operation  of  the  wish  to  iy, 
were  tninsbrmed  into  «riogs,  adapted  to  gratify  that  desire.  If 
this  be  philosophy,  it  is  such  as  might  have  enutp^ted  fiom  the 
college  of  Laputa. 
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around  us,  on  every  side,  influences  of  a  stili 
more  subtle  kind,  which  *'  eye  bath  not  8een,nor 
ear  heard,"  neither  can  it  enter  into  the  heart  or 
imagination  of  man  to  coniceiTe.  How  scanty  is 
our  knowlei^e  of  the  mind ;  how  incomprer 
hensible  is  its  crainexion  with  the  body ;  how 
mysteriouB  are  its  secret  springs,  and  inmost 
wwkings  I  What  inefiable  wonders  would  btust 
upon  us,  were  we  admitted  to  the  perception 
of  the  spiritual  world,  now  encompasaed  by 
clouds  impervious  to  mortal  vision ! 

The  Grreat  AuUior  oi  our  being,  who^  while  he 
has  been  pleased  to  confer  m  us  the  gift  of 
reason,  has  prescribed  certaiA  limits  to  ks 
powers,  permits  us  to  acquire,  by  Us  exercise,  a 
knowledge  of  some  of  the  Wondrous  works  of  his 
creation,  to  interpret  the  characters  of  wisdom 
and  of  goodoess  with  which  they  are  impressed, 
and  to  join  oxa  Tcdce  to  the  general  chorus 
which  proclaims  "His  Mig^t,  Majesty,  and  Do- 
minion." From  the  same  gracibua  hand  we  also 
derive  that  unquenchaUe  thiist  for  knowledge, 
which  this  fleeting  life  must  ever  leave  unsatisr 
fied;  those  endowments  of  the  moral  sense, 
with  which  the  present  constitution  ctf  the  world 
so  ill  accords;  and  <hat  innate  desire  of  per- 
ieotion  which  our  pres«it  fitail  ctmditiou  is  so 
inadequate  to  fulfil.  But  it  is  not  given  to 
man  to  penetrate  into  the  counsels,  or  fathom 
the  designs  of  Omnipotence ;  for  in  directing  his 
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views  into  futurity,  the  feeble  l^ht  of  his  reaaon 
is  scattered  and  lost  in  the  vast  abyss.  Although 
we  plainly  dis^ieni  intention  in  every  part  of  the 
creation,  the  grand  object  of  the  whole  ia  pl«iced 
far  above'the  scope  of  our  comprehension.  It  i* 
impossible,  however,  to  conceive  that  this  enor- 
mous expenditurie  of  power,  this  vast  accumula- 
tion of  contrivances  and  of  machinery,  and  this 
profusion  of  existence  resulting  from  them,  can 
thus,  from  age  to  age,  be  prodigally  lavi^ed, 
without  some  ulterior  emd.  Is  Man,  the  &Toured 
creature  of  nature's  boun^,  "  the  paragon  of 
animals,*'  whose  spirit  holds  communioD  with 
celestial  powers,  formed  but  to  perish  with  the 
wreck  of  his  bodily  frame?  Are  generations 
after  generations  of  his  race  doomed  to  follow  in 
endless  succession,  rolling  daridy  down  the 
stream  of  time,  and  leaving  no  track  in  its  path- 
less ocean?  Are  the  operations  of  Almighty 
power  to  end  with  the  present  scene?  May  we 
not  discern,  in  the  spiritual  constitution  of  man 
the  traces  of  higher  powers,  to  which  those  he 
now  possesses  are  but  preparatory ;  some  embryo 
iaculties  which  raise  us  above  this  earthly  habi- 
tation? Havewenot  inthe  imagination,a.power 
but  little  in  harmony  with  the  fetters  of  our 
bodily  organs;  and  bringing  within  our  view 
purer  conditions  of  being,  exempt  from  the  illu- 
sions of  our  senses  and  the  in6rmities  of  our 
nature,   our  elevation  to  which  will  eventually 
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prove  that  all  these  unsated  denres  of  know- 
ledge, and  all  these  ardent  aspirations  after 
moral  good,  were  not  implanted  in  ns  in  vain  ? 

Happily  there  has  been  Touchsafed  to  us, 
from  a  higher  source,  a  pure  and  heavenly  light 
to  guide  our  faltering  steps,  and  animate  onr 
fainting  spirit,  in  this  dark  and  dreary  search: 
revealing  those  truths  which  it  imports  us 
most  of  all  to  know,  giving  to  morality  higher 
sanctions,  elevating  our  hopes  and  onr  affections 
to  nobler  objects  than  belong  to  earth,  and 
inspiring  more  exalted  themes  of  thanksgiving 
and  of  praise. 
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Annular  Tcsiela,  i.  74. 
AnodoD,  i.  231. 
Aat,  ii.  386,  463,  466. 
Ant-eater,  i.  £24  ;  ii.  134. 
Antelope,  ii.  147,  402. 
Antelope,  horn  of,  i.  516. 
ADteimte,  i.  288 ;  ii.  383. 
Antennuln,  ii.  124. 
Anther,  iL  596. 
Andiiu,  ii.  306. 
Anlbophora,  i.  352. 
Antipathea.  i.  166. 
Antler  of  deer,  i.  509. 
Antmtn  mutillnre,  ii.  400. 
Aorta,  ii.  108,609. 
Aphrodite,  ii.  102,  125,298. 
Aplyiia,  u.  126,168,551. 
Apodea,  i.  433. 
Apterout  inKcts,  i.  296. 
Aquatic  animala,  i.  146. 
Aquatic  planta,  ii.  48. 
Aquatic  larra,  i.  309. 
Aquatic  inaecta,  i.  335. 
Aquatic  birds,  i.  592. 
Aqnatio  respiration,  ii.  293. 
Aqueous  humour,  ii.  463. 
Arachnida,    i.    282;    ii.    121, 

316,  369,  48.'>,  587. 
Aranea.    See  Spider. 
Arbor  vitn,  ii.  5^59. 
Arenicola,  i.  277  ;  ii.  295. 
Argonauta,  i.  265. 
AriatotU,  ii.  559. 
Ariitotle,  lantern  of,  ii.  119. 
Arm,  haman,  i.  544. 
Armadillo,  ii.  382. 
Arteries,  i.  41  ;  ii.  108. 
Articulata,  i.  268. 
Aacaria,  ii.  114,540. 
AM:idia,  i.  137;  ii.  297. 
Ass,  i.  516. 

Assimilation,  i.  41 ;  ii.  II. 
AstacuB,  ii.  435,491. 
Asterias,  >.  200;  ii.  100,  208, 

235,  297,  383,  649,  586. 
Atetes,  i.  399, 534. 
Atlas  ofLkni.  1.529. 


Atmosphere,  purificatioit  of,  if. 

35. 
Atmoepheric     respiration,     ii. 

310. 
Atriplex,  ii.  46. 
Andouat,    i.   290,  323.   324; 

ii.  244,  317,  542. 
Audubon,  ii.  407. 
Auricle,  ii.  108,269. 
Auricula,  i.  251 . 
Avicula,  i.  235. 
Aiilln  of  plants,  i.  90 ;    ii.  - 

569. 
AxelotI,  ii.  324. 

Babiroussa,  ii.  I4l. 
Bacculite,  i.  267. 
Baer,\\.  479,613,634. 
Baker,  ii.  476. 
Balcena.     See  Whale. 
Balance  of  affinities,  ii.  7. 
Balistes,  i.  432. 
JBaMJb,  i.  453. 
Barbels  of  fish,  ii.  390. 
Bark,  formation  of,  i.  86. 
Barnacle,  i.  257 ;  ii.  296. 
Bat,  i.  651;  ii.  136,587. 
BatraGhia,i.  436;  ii.  597. 
Batracbospermum,  0. 48. 
Bauer,  i.  63. 
Bear,  ii.  146. 
Beard  of  oyster,  ii.  300. 
Beaver,  i.  524;  ii.  149,  18€, 

191. 
Bee.  i.  351 ;  ii.  387. 
Beickier,  i.  364. 
Bell  (Sir  C),  ii.  535. 
Beli  (Thomas),  i.  483 ;  ii.  409. 
Bellini,  ii.  393. 
Berberia,  i.  127. 
Berkeley,  ii.  529. 
Beroe,  i.  194,  203. 
Bertelius,  ii.  18. 
Bicuspid  teeth,  ii.  144. 
Bipes  canalicalattis,  i.  457. 
Birds,   i.  654;   ii.  130,  338. 

404,  et  Mffwi. 
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BImd-wonn,  i.  454, 467. 

Blood,  a.  334. 

Blood-veiKis,  ii.  281. 

Blwnenback,  ii.  426. 

Boa,  i.  447,  448. 

Boar,  1.66:  ii.  141,  161. 

Bombyx,  J.   300,  304,   312; 

ii.  486. 
Bone,  i.  111,  365,  376. 
Bonnet,  i.  53;  ii.  17^  79,  92, 

352,  478. 
BorelU.  i.  588. 
Awe,  i.  149. 
Bottock,  ii.  333. 
Bound  or  deer,  i.  495. 
Bowerbw^,  ii.  'Ui.  . 
Boyle,  u.  16. 
Bractcee,  i.  94. 
Bnulypiu,  i.  431 ;  ii.  284. 
BraiD,   i.  35;    ii.  366,   555, 

575. 
Brain,  formatioa  of,  ii.  605. 
Branchifie,  ii.  267.  293,  299. 
Brassica,  ii.  48, 53. 
Bnula,  ii.  483. 
Breschet,  ii.  427. 
BrewUer,  i.  232;  ii.  472, 495. 
BroclcoD,  spectre  of,  ii.  533. 
BroutoKut,  ii.  5S7. 
Bmgaure,  i.  149,  248.- 
Bryophyllum,  ii.  586. 
Bucciniun,  i.  215,  229,  242; 

ii.  126,301. 
Buckland,  n.  206. 
Buds,  i. 
Buf. 

BaTbofhair,  i.  117. 
Bulb  of  feather,  i.  577.   . 
Bulbns  arterioMu,  ii.  273. 
BoIbaluB  ^landuloms.  ii.  )85. 
Bulimiu,  i.  249. 
Bulla,  ii.  168. 
Burrowing  of  the  mole,  i.  625. 

Cabbage,  ii.  48, 53. 
Cachalot,  i.  484 ;  ii.  142. 
Crcb.  ii.  101,206. 


Cfficilia,  ii.  497. 
Calamary,  i.  261. 
Callionymus,  ii.  503. 
Calosoma,  i.  320. 
Cambium,  ii.  40. 
Camel,  i.  108;  ii.  176,198. 
Cameleopard,  i.  481,  498;  ii. 

136. 
Cantera  obscura,  ii.  458, 
Camerated  shelli,  i.  265. 
Campaiiularia,  ii.  234. 
Camper,  ii.  4;}7,  443,  661. 
Canada  rat,  ii.  178. 
Cancelli,  i.  374. 
Cannon  bone,  i.  505. 
Capibara,  ii.  160. 
Capillaries,  ii.  263. 
Capsular  ligamenta,  i.  106. 
Caput  Medustt,  i.  212. 
Carapace,  i.  290,463. 
Carbon,  non-abiorption  of,  ii. 

17. 
Carbonic  acid,  ii.  30,  337. 
Cardia,  ii.  1^. 
Caidium,  i.   131,   221,  222, 

224. 
Caniuus,  i.  127. 
Carinated  sternnni,  i.  566. 
'  CarlMe,  i.  426,  434 ;  ii.  285, 

667. 
Carnivora,  i.  528 ;  ii.  66,  145. 
Carp,  i.  411,  429. 
Carpus,  i.  405. 
Cartilage,  i.  109. 
Caruncle,  lacrymal,  ii.46S. 
Carat,  i.  366  {    ii.  208,  219, 

240,  262,  506. 
Cassowary,  i.  596;  ii.  224. 
Cat,  ii.  392,  506. 
Caterpillar.i. 305,315:  ii.484. 
Caudal  vertebm,  i.  404. 
Cavolaii,  i.  169. 
Celandine,  ii.  48. 
Cells  of  plants,  i.  66,  69. 
Cellular  texture,  animal,  i.  99. 
Centaurea,  i.  127. 
Cephalic  ganglion,  ii.  541. 
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Cepbalo-tfaorax,  i.  282. 
Ce^alopoda,  i.  258 ;  ii.  230, 

Cenmbfic,  i.  32Si    ii.    311, 

313. 
Ceroria,  i.  186;  ii.  479. 
Cerebellum,  ii.  555. 
Cerebral  nnglton,  ii.  541. 
Cerebral  Demispberei,  ii.  556. 
Centhium,  i.  249. 
Ceroxylon,  ii.  46. 
Cetacea,  i.  461,482;  ii.  142, 

176,  193,442,555,616. 
CiMbrier,  i.  108,  346. 
Chain  of  being,  i.  53 ;  ii.  62<). 
Cholcides,  i.  448,  457. 
Chameleon,   i.  462;    ii.    129, 

390,  499. 
Chan,  ii.  50,  254. 
Chelidonlum,  ii.  48. 
Chelonia,  i.  463;  ii.  130,276, 

321,439. 
Chemiitry,  organic,  ii.  5,  333. 

CkeieltUn,  ii.  520. 

Cktvreail,  i.  123. 

Childran,i,  318;  ii.  491. 

Chitine,  i.  318. 

ChladHi,  ii.  417. 

Chondrilla,  ii.  62. 

Choroid  coat,  ii.  462. 
'      Choroid  gland,  il.  495. 

Chromatic  abemtioh,  ii.  474. 

Chramule,  i.  70. 

Chryulic,  i.  307. 

Chyk,  u.  107,  203. 

Chyme,  Ii.  181. 

Cicada,  i.  340. 

Cicindela,  ii.  212. 

Cilia,  i.  126,  154,   157,  173, 
195,  203,  215. 

Ciliary  ligament,  ii.  463. 

Cimbei,  i.  333. 

Cimex,  ii.  124. 

Cineiitioui,  ii.  561. 

Circulation,  ii.  11,229. 

Cirrbi,  ii.  296, 389. 

Cirrhopoda,  i.  257. 


Clasaification,  i.  51 ;  ti.  635. 

Clanailia,  ii.  317. 

Claniinm,  i.  253. 

Clavicle,  i.  404,  523,  566. 

Claviger,  ii.  483. 

Claw  in  lion'i  tail,  i.  631. 

Clio,  i.  258;  ii.  138. 

Cloquet,  ii.  498. 

Clypeaater,  i.  Sit. 

Cobitti,  ii.  309. 

Cobra  de  capello,  i.  549;  ii. 

164. 
Coccygeal  bone,  i.  404. 
Cochlea,  ii.  427. 
Cockchafer.    5m  Helokntha. 
CocLle,  i.  221.     See  Cardinni. 
Cod,  lens  of,  i.  59 ;  ii.  496. 
C<Enun»,  ii.  84. 
Co-exiateiwe  of  fonnt,  i.  50. 
Coffin-bone,  i.  517. 
Coleoptera,  i.  348 ;  ii.  3B3. 
Collar-bone,  i.  404. 
Cfllonrs  or  inaecu,  i.  31 8. 
Coloura,  perceptioDi  of,  ii.d3I. 
Coluber,  i.  448,450;  ii.  164. 
Columella,  i.  243  ;  ii.  439. 
Commitaurea  Of  brain,  ii.  563. 
CotHparetti,  ii.  244,  436. 
Complementary    ci^an,     IL 

531. 
Compound  eyea,  ii.  483. 
Cttncfaa  <rf  the  ear,  ii.  431 . 
Condor,  ii.  331. 
Conger  eel,  ii.  556. 
Con^omente  eyes,  ii.  483. 
Conjunctira,  iL  466. 
Conaumption  of  animal  mH- 

ter,  ii.  60. 
Contractility,  BHHcalar,!.  126. 
Cotuu,  i.  350. 
ConvoluUona  of  the  braia,  if. 

558. 
Cbavolvulua,  iL  48. 
Cooper,  il.  434. 
Corecoid  bone,  1.  404^  566. 
Coral,  i.  166. 
Coral  islands,  i.  15. 


lyGOOgIC 


Corium,  i.  112. 
Cornea,  ii.  461. 
Corneale,  ii.  487. 
Cwnu  Aromonit,  L  367. 
Coronet  boDe,  i.  517. 
Cwpon  quBdrigemina,  ii.  555. 
Corpus  calloenm,  ii.  563. 
CorpuB  papiilue,  ii.  378. 
Cortical  BubsUnce,  ii.  561. 
Coniu,  i.  300,  312, 355. 
CotuNRtua,  ii.  427. 
Cowrie,  i.  247. 
Crab,  i.  290;  ii.258,  299,317, 

493. 
CnniDot,   i.   399,  400,  443, 

470. 
Cranium  of  inBecta,  i.  322. 
Cmw,  ii.  169. 
Cray-fiah.ii.  435,491. 
Cribrifbnn  plate,  ii.  400. 
Crinoidea,  i.  212. 
CrocodUe,  i.  458,  460,  462 ; 

it.  142,  163,  276,  409,  440, 

557. 
Crop,  ii.  179. 
Ciosi-bill,  u.  131. 
CrotaluR,  i.  450. 
CruBt,  i.  111,292. 
Cnuta  petroBa,  ii.  152. 
Crustacea,  i.   286;    u.    269, 

295, 299,  542, 587. 
Cryptogomia,  i.  71 ;  ii.  593. 
Crystalline    lens,    i.    59;    ii. 

462. 
Crystalline  needles  to   biliary 

ducts,  ii.  219. 
Curculio,  i.  328. 
CashioBs  of  insects,  i.  331. 
Cuticle,  vegetable,  i.  77. 
Cuticle,   animal,    i.    112;    ii. 

377. 
Cattk-fish.    Set  Sepia. 
Cuvitr,  paaiim. 
Cuvier  (F.),  i.  120,  574. 
Cyclidinm,  i-  166. 
Cycloctela,  ii.  98. 
Cycloeis,  ii.  49,  233. 


CyclostomaU,  ii.  116. 
Cymbia,  i.  241. 
Cymothoa,  ii.  544. 
Cypreea,  i.  247. 
Cyprinus,  i.  116,411. 
Cysticnie,  ii.  438. 

DaMor^,  i.433;  u.  306. 


Darwin  (Dr.  R.>,  \i.  530. 

Dam/,'u.  17,338. 

Davy  (Dr.),  ii-  274. 

Deatb,  ii.  624. 

De  BlainviiU,  i.  63, 24S,  366 ; 

ii.  252,428,482,  497,570. 
De  Candolle,  i.  93 ;  ii.  19, 25, 

28,  30,  38,  51,  620. 
De  Candolle  (junior),  ii.  47. 
D^apoda,  ii.  258. 
Decline  of  the  syatem,  ii.  619. 
DecolUted  shells,  i.  249. 
Deer,  i.  507;  ii.4(n. 
Dejirattce,  L  256. 
De  Geer,  i.  341. 
Deglutition,  ii.  174. 
Delaroche,  ii.  309,  497. 
De  Mmttfgre,  ii.  183. 


De  Saiuntre  (Th.),  ii.  30. 
Det  Cartel,  ii.  364,  560. 
De  Serret,  ii.  211,  239,  485. 
Design,  evidence  of,  i.  28. 
Design,  unity  of,  ii.  625. 
Dev^opement,  vegetable,  i.  82. 
Developement,  animal,  ii.  599. 
Diaphragm,  ii.  326,  611. 
Difinsion  of  animals,  ii.  64. 
Digestion,  I  41 ;  ii.  160. 
Digitigrada,  i.  533. 
Diodon,  i,  433. 
Dioecia,  ii.  596. 
Dioneea,  i.  126. 
Diplozoon,  ii.  608. 
Diptera,  i.  323,  353:  ii-  115. 
Diquemare,  i.  220. 
Distoma,  ii.  113. 
Divisibility  of  matter,  ii.  397. 
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Dollingtr,  ii.  614. 
Dolphin,  ii.  142, 443^507,616. 
Doru  coaUtiu,  ii.  307. 
P'OrAtmy,  i.  365. 
Dorii,  ii.  136,  296. 
Dormoiue,  ii.  191. 
Donal  vewel,  ii.  236. 
Dory,  i.  421. 
Dove,  ij.  554,  557. 
Down  of  dIbhU,  i.  94. 
Down  of  birds,  i.  572. 
Dnco  Ttduu,  i.  66,  547. 
DragOD-fiy,  i.  310,    351 ;    ii. 

487. 
Druming,  ii,  536. 
DromedsTY,  ii.  223. 
Duckweed,  ii.  589. 
Du/our  (Uou),  ii.  209.  313. 
Ih^t,  ii.  244,  250,  479, 487, 

491. 
DugOQg,  ii.  142,  279,  442. 
Z>iiAa»i«I,u.  16,  20. 
Dttmat,  ii.  393. 
DumMl,  ii.  AU. 
Dumortier,  i.  366. 
Duodennm,  ii.  308. 
Duirvchet,  i.  75,  190;  ii.314. 
Dytiscw,  i.  29, 3 II , 333, 336 ; 

ii.  311,313. 

Eagle,  iL  130. 

Ear,  ii.  421. 

Ear-drum,  ii.  433. 

£arU,  i.  560. 

Earthi  in  planU,  ii.  43. 

Earth -wonn,  (aee  Lnmbriciif). 

Echinodermata,  i.  199. 

EchinuB,  i.  203,  210;  ii.  101, 

119,297,  383. 
EdyMirdM.ii.  317,543,631. 
Eel,  i.  424 :  ii.  307. 
Egg,  ii.  597. 
Ehrenlety,  i.   13.    186,   189; 

ii.  93,  47S,  593. 
Ehrmtam,  ii.  309. 
Elaboration,  luccesaive,  ii.  13, 
Elastic  ligamentt,  i.  107. 


Elaler,  i.  341.     ' 
Elearine,  i.  133. 
Electric  orgaoi,  i.  31. 
Electricity,  ii.  350. 
Elementi,  organic,  ii,  6. 
Elephant,  i.  56, 108,491, 518 ; 

ii.  141,  164,  162,  199,  223, 

392,  504,  558. 
Ellit,  i.  150. 

Elytra,  analyMsoT,  L  318, 349. 
Embryo,  ii.  595. 
Emu,  i.  586. 
Emys,  i.  474. 
Enamel  of  teeth,  ii.  150. 
Endogenouft  plsnts,  i,  -83. 
Entomoline,  1.  116,  318. 
Eotomoetraca,  ii.  493. 
Entozoa,   1.282;  ii.  83,  113, 

236,294,540,591. 
Ephemera,  i.  311  ;  ii.  24). 
Epidermia,  vegetable,  i.  88.- 
^idennia,  animal,  i.  112,  113, 

331. 
Epiphn^;ma,  J.  263. 
Equivocal  g«neratk»,  ti.  691. 
Equorea,  ii,  SS. 
Erato,  i.  247. 
Enct  viiioa,  ii,  621, 
ErpobdeHa,  i.  272;  u,  352. 
Erjx,  i.  447. 
Eaox,  i.  427. 
Ethmoid  bone,  ii.  400. 
Eudora,  ii.  91. 
EnUr,  ii.  475. 
Eunice,  ii.  4S0. 
Euphorbium,  ii.  69. 
Euryale,  i.  212. 
EuUachian  tube,  ii.  424. 
EtjI  from  animal  warfare,  i.  46  ; 

ii.  67. 
Excretion,  ii.  12. 
Eicretion,  vegetable,  ii.  46, 51. 
Exhalation  by  leavei,  ii.  37. 
Exocetaa,  i.  647. 
Exogenous  plants,  i.  83, 
Eye,  i,  31 ;  ii.  460,  587,  5«9. 
Eye,  formation  of,  ii,  605. 
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Eye-lida,  forniatioii  of,  ii.  615. 

Fabriciut,  i.  195. 
FsctaUngle,ii.  561. 
Fairy  riagi,  ii.  55. 
Fallacies  of  perception,  ii.  514. 
Fangv  of  serpents,  ii.  163. 
Faraday,  ii.  524. 
Fasciola,  ii.  113. 
Faiciolaria,  i.  249. 
Fat,  i.  123. 
Fata  Morgana,  ii.  533. 
Feathers,  i.  568,591. 
Fecnia,  i.  70. 
Fecundation,  ii.  595. 
Feelers,  i.  288 ;  ii.  3S3. 
Feet-jaws,  i.  289. 
Feet  of  biids,  i.  584. 
Femur,  L  287,  328,  405. 
Fenestrte  of  ear,  ii.  425, 
Fenu,  i.  83 ;  ii.  593. 
Fibre,  animal,  i.  98,  105. 
Fibula,  i.  405. 
Fig-tree,  ii.  48. 
Fig  Marygold,  ii.  48. 
Filaments  of  feathera,  i.  569. 
Filaria,  i.  63. 
Filices,  i.  83 ;  ii.  593. 
Final  causes,  i.  1,22,  et  paiaim. 
Fins  of  fishes,  i.  421. 
Fins  of  cetacea,  i.  486. 
Fishes,  i.  109,  408;  ii.  127, 
272,  389,  410,  494,  et  pas- 

FtssiparouB   reproduction,     ii. 

683. 
Flea,  i.  297. 
Flight,  i.  344,  545. 
Flourem,  ii.;305. 
Flower,  ii.  595. 
Fluidity,  o^nic,  i.  61. 
Fluitra,  i.  165,  169,  172. 
Flying  fish,  i.  547. 
Flying  lisard,  i.  547. 
Flying  sqnirrel,  i.  550. 
Focus,  ii.  453. 
Fahmann,  ii.  353. 
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FoUiclea,  i.  114;  ii.  186. 

FoHtana,  iw  6H. 

Food  of  plants,  ii.  )5. 

Food  of  animals,  ii.  57. 

Foot  of  moUoica,  i.  221. 

Forces,  pbysica],  U  6. 

Fordyce,n.  172. 

Fovilla,  ii.  596. 

French  bean,  ii.  52. 

Frog,  i.437;ii.  128,222,274, 

439. 
Fucus  ve«icuIosus,  i.  66. 
Functions,  i.  34,  38  ;  ji.  69. 
Fungi,  ii.  55. 
Furcular  bone,  i.  566. 
Furcularia,!.  62. 
Fusiform  roots,  ii.  21. 
Future  exisUnce,  ii.  580, 640. 

Gaede,  ii.  I 


,   .97. 
Galeopithecns,  i.  550. 
Galileo,  1.  81. 
Gallinte,  ii.  554. 
Gallop,  i.  495. 
Galvanism,  ii,  514, 
Ganglion,  ii.  358. 
Gasteropoda,  i.  227;  ii.  176, 

300,  480. 
Gastric  juice,  ii,  183. 
Gastric  teeth,  ii.  167,  214. 
Gastric  glands,  ii.  164, 
Gastrobranchus,  i.  407,416; 

ii.  116,497. 
Oay  Luttac,  ii.  314.' 
Gecko,  i.  460 ;  ii.  390. 
Gelatin,  i.  105. 
Gemmiparous  reproduction,  ii. 

588. 
Gemmule,  i.  156;  ij,  591. 
Geometer  caterpillars,  i.  315. 
Germs,  vegetable,  i.  86 ;    iJ. 

588. 
Geronia,  ii.  91. 
Gillaroo  trout,  ii.  202. 
Gills,  i.  439 ;  ii.  267,  299. 
Gimbals,  i.  330. 
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Giiurd,  ii.  109,214. 
OUnda,  v^ttble,  i.  77 ;   ii. 

45. 
Glandfl,  ftoiaal,  ii.  348. 
Glamli  in  crocodile,  ii.  409. 
Glaaila,  gutric,  ii.  184. 
Oleichen,  ii.  94. 
Globules,  i.  64,  96. 
Gloau,  ii.  124. 
Otonofton,  iL  104. 
Omelin,  i.  149. 
Gnat,  ii.  115. 
Gokt,  ii.  402. 
Goe*e,  ii.  478. 
Goniom,  i.  187. 
Goou,  ii.  173,  500. 
Gordiua,  i.  63,  276. 
Gorgonia,  i.  166. 
Gradatioa  of  beino;,  i.  53;  ii. 

629. 
Grampus,  ii.  142. 
Gralltt.  i.  585,  592. 
Grant,  i.  147,  151,  169,172, 

175,  195, 203,  215, 687  ;  ii. 

478. 
Gray,  i.  219,  239,  254. 
Growth,  TegeUUe,  i.   84;  ii. 

21,699. 
OmithKuen,  ii.  479. 
GrylloUlpa,  i.  342 ;  ii.  385. 
Orjrlluf,  II.  244. 
Guinea-pig,  i.  498. 
Gnbtoniau  lectnrea,  ii.  532. 
Gum,  ii.  37. 
Guraanl,-  ii.  554. 
Gymnotua,  i.  424  ;  li.  572. 

Heematopna,  ii.  131. 
Haidinger,  i.  205. 
Hair,  wetabJe,  i.  94. 
Hair,  anunal,  i.  117,319. 
Hair-worm,  i.  276. 
Halei,  ii.  26. 
Haliotis,  i.  231. 
Holler,  i.  M. 
Haltetea,  i.  353. 
Hamster,  ii.  178. 


HaimKk.  ii.  307. 

Hand.  i.  544 ;  u.  392. 

Hanow,  ii.  478. 

Hare,  i.  497;  11.149,191. 

Harilty.  ii.  563. 

Hanoood,  ii.  404, 405. 

Hatchett,  ii.  43. 

Haukibee,  ii.  415. 

Hanncb  in  inaecta,  i.  287,  33S. 

Hawk,  ii.  130. 

Head  of  inaecta,  i.  322. 

Hearing,  ii.  414,  571. 

Heart,  I.  41, 138;  ii.  258,607. 

Hedge-hog,  i.  524,  527. 

Hedysaram  gyrana,  i.  127. 

Htdimg.  i.  74. 

Helix,  t.  242,  253;  ii.   126, 

317,481. 
Heltman,  ii.  390. 
Hemipteia,   i.  309,   350;    ii. 

115. 
Hemispheret,  cerebral,  iii.  5.56. 
Henbane,  ii.  59. 
Hendenon,  ii.  338. 
Hepatic  veaaela,  ii.  308, 214. 
Herring,  i.  421. 
HerKhel  (Sir  W.),  ii.  539. 
Henckel  (Sir  John),  i.  232  ; 

ii.44,671. 
Hervey,  ii.  288. 
Hesperia,  i.  356. 
Hexaatoma,  ii.  113. 
Hippopotamua,  ii.    141,  151, 

152,  162, 193,  443,  504. 
Hirudo,  i.  138,  261  ;  ii.  102. 

125,  252,  298,  460. 
HodgHn,  i.  99,  127. 
Hodgxn,  ii.  403. 
Hot,  i.  402, 521 ;  ii.  193, 392. 
Holothuna,  ii.  208,  235,  296, 

550. 
Hotiu  (Sir  Everard),  paaaim. 
Honey-comb  atomach,  ii.  195. 
Hooded  uiake,  i.  549. 
Hooks  on  feet  of  inaecti,  i.  331 . 
Hop,  i.  91. 
Horn,  i.  115,514. 
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Horn  on  beak  of  chick,  ii.  615. 
Hone,  i.  516;   ii.  191,  401, 

569. 
Horse-fly,  ii.  115. 
Hostilities  of  animals,  i.  46 ;  n. 

67. 
Houalon,  ii.  129. 
Haber,  ii.  386,413. 
Hniuaii  fabric,  i.  536;  ii.  559. 
Humboldt,  ii.  308,  314,  338. 
Humerus,  i.  405. 
Hnmours  of  tha  eye,  ii.  460. 
Hunter,  i.  108;  li.  171,  188, 

330. 
Hysena,  i.  499 ;  ii.  61, 149. 

Hybernation,  ii.  536. 

Hydatid,  ii.  84,113,591. 

Hydatina,  if.  97, 98, 479,  539. 

Hydra,   i.    163.  176;    ii.   74, 
477,  538,  586,  690. 

Hydrogen,  ii.  45. 

Hydrophilu«,  i.  311. 

Hydrostatic  acalepha,  i.  196. 

Hyla,  ).  445. 

HymeaopUra,  i.  323,  351 ;  ii. 
1 16,  244. 

Hyoid  bone,  ii.  132,  303. 

Hyrax,  ii.  191. 

Ichthyosaunia,  i.  469. 
Ilium,  i.  405. 
Imago,  i.  307,  317. 
IncisioDS  of  inaecb,  i.  337. 
Incisor  teeth,  ii.  143. 
Incus,  ii.  426. 
Indian  wt^nu,  iL  142. 
Individuality  of  polypes,  i.  173. 
Infusoria,  i.  183;  ii.  539,583. 
iBjtries,  reparation  of,  ii.   3, 

587. 
Inorganic  woiM,  i.  7. 
InsecU,  i.   11,  108,  296;  ii. 

207,   236,  395,  436,  546, 

670. 
Inwctivora,  i.  525. 
Instinct,  ii.  574. 
InUgumeots,  u\\\;  ii.  377. 
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Intercellular  spaces,  i.  70. 
InterroaxiUaiy   bone,    ii.   143, 

634. 
loterapiDOni  bones,  i.  396. 
Intestine,  iL  101. 
Iriartea,  ii.  48. 
Iridescence,  i.  332. 
Iris,  t.  136;  ii.  463. 
Ischium,  t.  405. 
Isis,  i.  168. 
iTy,  i.  92. 

Jacobion,  n.  668,  570. 
Jerboa,  i.  497, 538. 
JohntOA,  ii.  104. 
JuluB,  i.  298  ;  ii.  485. 
/urine,  ii.  567. 

Kaleidoscope,  ii.  533. 
Kanguroo,  i.  399,  497,  538; 

ii.  193,  598. 
Kater,  ii.  491. 
Kerana,  i.  186. 
Kidd,   i.    342;  ii.    313,    348, 

385. 
Kieman,  ii.  350. 
KUter,  i.  66,  74. 
iirtr^,i.  327;  ii  413,485. 
Knight,  ii.  595. 
KnoU  in  vood,  ii.  589. 
Koala,  i.  527. 
Kolpoda,  i.  187. 

Labium  of  ineects,  ii.  133. 
Labmm  of  insects,  ii.  123. 
Labyrinth,  ii.  427. 
lAcerta,  i.  457,  458. 
Lacrymal  organs,  ii.  466. 
Lacteals,  ii.  107,  226. 
Lamarck,  i.  149 ;  ii.  93, 637. 
Uunina  spiralis,  ii.  430. 
Lamourotix,  i.  149. 
Lamprey,  i.  416;  ii.  116,305, 

437. 
Lancets  of  diptera,  ii.  1 15. 
Language  of  insects,  ii.  366. 
Urk,  i.  683. 
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Larn,  i.  304,  306. 
LoMtmgne,  i.  31S ;  ij.  183. 
Latham,  ii.  189. 
LatreitU,  i.  290  ;  n.  316,389, 

493. 
Law*  of  nature,  i.  6. 
Law  of  mortality,  i.  42. 
Law  of  co-eziitence  of  forms, 

i.  50. 
Law  of  gradation,  iL  629. 
Law  of  analogy,  i.  49 ;  ii.  625. 
XfocA,  i.  219. 
Leavei,  ii.  29. 44. 
Leecb,  (lee  Hinido). 
Lemur,  i.  533,  550; 

505. 
Lena,  cryitalliQe, 

462,  496. 
Lenticelln,  i.  93. 
Upw,  i.  257  ;  ii.  296. 
Lepidootera,  i.  304,  354;  ii. 

114,217. 
Lepitma,  i.  297,  298,  366. 
I^rneea,  i.  302  ;  ii.  600,  608. 
Leucht,  ii.  482. 
Leucophra,  it.  96. 
Xevref,  ii.  183. 
lewmkoeck,  i.  356 ;  ii.  264. 
Libellula,  i.  310,  351;  ii.466, 

487. 
Liber,  i.  88 ;  ii.  41. 
lichen,  ii.  19. 
Life,  i.  34,  43. 
LigunenU,  i.  106. 
Ligamenturo  oucbw,  i.    108, 

501. 
Light  on  plants,  i.  91 ;  ii.  28. 
Lienin,  i.  70 ;  u.  41. 
LiFiuTD,  i.  78. 
Umax,  ii.  126,317. 
limpet,  (see  PatetU). 
Unk,  i.  76. 
Uon,  i.  108, 496, 529 ;  ii.  136, 

392,  557. 
titter,  ii.  233, 300. 
Utct,  ii.  219,  350. 
Lizard,  ii.  129,390,497,587. 


Lobrter,  i.  292;  ii.  167,  25S, 

299,435,544. 
Lobularia,  i.  161. 
Loche,  ii.  309. 
LocomotioD,  i.  143. 
LocuaU,  ii.  122. 
Loligo.i.  261,407;  ii.27l. 
Lon^vitj  of  trees,  ii.  620. 
LophiuB,  i.  422 ;  ii.  390,  437. 
Loxia,  ii.  131. 
Lucaous,  i.  359. 
Lumbricus  marinus,  i. 277,295. 
Lumbricus  terrettcii,   ii.    102, 

114,254,297. 
Lungs,  ii.  267,611. 
Lycopodium,  i.  78. 
Lycoris,  ii.  480. 
Lymf^tic*,  ii.  352. 
Lymphatic  hearta,  ii,  353. 
Lytmet,  i.  300,  312,  355. 

Mttcaire,  u.  51,  54,  58,  334. 
Macartnay,  i.  590;    ii.  329, 

331,  562. 
Macavoy,  Ii.  375. 
Mackerel,  i.  425. 
MacUay,  i.  54. 
Madder,  i.  384. 
Madrepore,  i,  166. 
Mageitdie,  ii.  505,  535. 
MagiluB,  i.  249. 
Maia,  ii.  269,  545. 
Malleus,  ii.  426. 
Malpighi,  n.  378. 
Mammn,  ii.  598,616. 
Mammalia,   i.  477 ;    ii.    325, 

441,598. 
Man,  i.  536;  ii.  559. 
Han  of  war,  Portugese,  ■- 196. 
Manatus,  ii.  142. 
Mandible,  i.  269. 
Mantij,  ii.  211. 
HanUe,  i.  113,  237. 
Many-pliea  itomach,  ii.  197. 
Marcet,  ii.  58,  226,  334,  338. 
Marginella,  i.  247. 
Hannot,  ii.  149. 
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Martigli,  i.  ISO. 
Marsupialia,  ii.  277,  £98. 
MBnapjum,  ii.  500. 
Mastication,  ii.  140. 
Mastoid  cells,  ii.  425. 
MaUiit  of  feather,  i.  576. 
Matter,  ii.  516. 
MauMfir,  ii.  527.  * 
Maxitlee,  ii.  123. 
Mayer,  i.  447. 
Mayo,  ii.  618. 
Meatus  auditorius,  ii.  422. 
MecbaQJcal  functions,  i.  38. 
Meckel,  i.  482.:  ii.  480. 
Medulla  oblongata,  ii.  555. 
Medullary  substance,  ii.  365. 
Medullary  rays,  i.  86. 
Medusa,  i.  96, 192;  ii.  63,  72, 

85,  294,  478. 
Meibomian  glands,  ii.  469. 
Melolontha,  i.  300  ;  ii.    122, 

212,  236,  313,486,  490. 
Meluphagua,  ii.  483. 
Meinbrana  niclitans,    ii.   499, 


501. 


.  101. 


Menobranchus,  ii.  324. 

Mercurialis. 


M< 


:rgus. 


Metfjlhought  of  fowl,  i.  566. 
Mesembryantliemum,  ii.  48. 
Meaenleric  glands,  ii.  227. 
Mesentery,  ii.  108. 
Mesothorax,  i.  323. 
Metacarpus,  i.  405. 
Metals  in  plants,  n.  43. 
MeUinorphoses,  i.  302,  437  ; 

ii.  632,  634. 
Metatarsus,  i.  405. 
Metathorax,  i.  323. 
Milk,  ii.  616. 
Millepedes,  ii.  485. 
Millepora,  i.  167. 
Mimosa,  i,  127. 
Mint,  ii.  17,  30. 
Mirandola,  ii.  586. 
Jtf(rfie/,i.  69,72. 
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Mite,  i.  297. 

Mitra,  i.  248. 

Modiolus,  ii.  431. 

Molar  teeth,  ii.  144. 

Moldenkawer,  i.  74. 

Mole,  i.  524,  525  ;  it.  391, 505. 

Mole  cricket,  i.  342.    . 

Mollusca,  i.  213;  ii.  269,  389, 

650. 
Monas,  i.  1 3, 1 84 ;  ii.  96, 583. 
Monkey,  i.  533;  ii.  149,392, 

569. 
Monoculus,  ii.  493.   . 
Monothalamous  shell,  i.  265. 
Monotremata,  ii.  277. 
jtfonro,  i.  123,  132;  ij.  303. 
Mordella,  ii.  486. 
Morpho,  i.  354. 
Morren,  ii.  252,  255. 
Mortality,].  43;  ii.  581. 
Mother  of  pearl,  i.  332. 
Motion,  Toluntaiy,  i.   37;    ii. 

534. 
Motion,  vegetable,  i.  127. 
Motor  nerves,  ii.  535. 
Mucous  membrane,  i.  112. 
MucoiM.  glands,  ii.  184. 
Mulberry,  ij.  59. 
Mailer,  \.  183;  ii.  92,  353, 

480. 
Mullet,  ii.  202. 
Mullilocular  shells,  i.  265. 
Muttivalves,  i.  257. 
Muxfena,  ii.  497,  556. 
Murex,  i.  245,  252;  ii. 

301,482. 
Mu9,ii.  178,506. 
Musca,  i.  332. 

Muscle  (shell  fisL),  i.  222, 224, 
Muscle,  i.  124,  127,  300. 
Muscles  of  eye,  ii.  464. 
Muscular  power  in  plants,  ii. 


Muscular  power   in 

593. 
Mushroom,  ii.  19. 
.Musk  shrew,  ii.  135. 


birds,   i. 
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MuMcal  tone,  ii.  419. 
Mya,  i.  223. 

Hyriapoda,  i.  297,  ii.  -248. 
MynnecophsM,  U.  134. 
HyaU  Fabricii,  i.  269. 
Mytilui.  i.  222. 
Mjxme,  i.  407,416;  ii.  116. 
497. 

NacrecHU  itiuctuw,  i.  231. 
Nais,  ii.  102,251,479,586. 
Nanrhal,  i.  56 ;  Jl.  141. 
Nature,  i.  6,  13. 
Nautilui,i.  243,266;  ii.  370. 
NecrophoTus,  ii.  413. 
Ne«dlei  in  Uliary  docb,  u.  219. 
Nereis,  i.  271,  274,  280;    ij. 

251. 
Nerve,  i.  36 ;  ii.  366. 
Nervoua  lyatfim,  ii.  365,  537, 

553. 
Nerroiu  power,  ii.  354. 
Nettle,  ii.  47. 
Neuro-akeletoo,  i.  366. 
Neuroptera,  i.  351. 
Newport,  i.  352 ;  ii.  103,  214, 

218,  244,  547,  548. 
Newt,  ii.  439,  587. 
Nigfatahude,  ii.  59. 
Nitrogen,  ii.  U,  338. 
Nordmmin,  ii.  600,  608. 
Notonecta,  i.  29,  337. 
Nimliag  sap,  ii.  24. 
NntritioD,  it.  1,  10,  13,  57. 
NutritioD  in  lower  orders,  ii.  74. 
Nutrition  in  liigber  orders,  ii. 

104. 
Nutritive  functions,  i.  38. 
Nycteribia,  ii.  483. 

Octopus,  i.  261 ;  ii.  494. 
Ocular  spectra,  ii.  530. 
Odier.i.  318. 

(Esophagus,  ii.  101,  107,  176. 
Oken,  i.  349,  400. 
Olfactory  nerve,  ii.  396. 
Olfactory  lobes,  ii.  556. 


Olivee,  i.  241,  250. 
Oniscos,  ii.  544. 
Ooocrotalus,  i.  556. 
Operculum  of  HoUtnea,!.  252. 
Operculum  otSahet,  ii.  303. 
Opbicephalus,  ii.  307. 
Ophidia.  i.  447. 
OphioMLuniS,  i.  454,  457. 
Oi^iura,  i.  212. 
Opossum,  ii.  136,  598. 
OpUc  axis,  ii.  503. 
Optic  gangtion,  ii.  489. 
Optic  bbes,  ii.  556. 
Opuntit,  i.  127. 
Oradie,  ii.  48. 
Oriucular  bone,  ii.  426. 
Orbicular  muscle,  i.  136. 
Onchideffi,  i.  68. 
Oiganic  Mechanism,  i.  59,  96. 
Organic  developenent,  ii.  599. 
Omithorbyncus,  i.  395;  ii.  136, 

178,  391,442,497. 
Orobancbe,  ii.  54. 
Orthoceratite,  i.  267. 
Orthoptera,  i.  309,  349. 
Oa  hyoides,  ii.  132,  303. 
Otler,  i.  206,  220,  223,  277, 

280. 
Osseous  fabric,  t.  365. 
Ossicula,  tympanic,  ii.  426. 
Ossification,  i.  375,  556. 
Ostracion,  i.  432. 
Ostrich,  i.  563,  587,  590 ;  ii. 

185,  2M,  328,  554. 
Otter,  sea,  ii.  149. 
Ovary,  ii.  593,  594. 
Oviduot,  ii.  596. 
Oviparous  animals,  ii.  597. 
Ovo- viviparous  animals, ti.  597. 
Ovula,  i.  247. 
Ovum,  ii.  593. 
Owen,  i.  563. 
Owl,  ii.  330,441,503. 
Ox,  hom  of,  i.  515. 
Oxygen,  ii.  29. 
Oyster,  i.  131,  320,221. 
Oyster-catcher,  ii.  131. 
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paces  of  quadnipedfl,  i.  493. 
Pachydermata,  i.  518;  ii.  382, 

391. 
Package  of  orgwis,  i.  102. 
Pi«U  U.  388. 
Palemon,  ii.  544. 
Pa/ey,  i.  102,571:  ii.  286. 
PalJDurua,  ii.  544. 
PalUu,  i.  150 ;  ii.  344. 
Painu,  i.  83. 
Palm  squirrel,  ii.  178: 
Palmer,  ii.  30. 
Palpi,  i.  289 ;  ii.  144. 
Pancreas  ii.  221. 
Pander,  ii.  607. 
Paoniculus  canuMus,  i.  527. 
Panorpa,  i.  326. 
Paper  naatilu,  i.  265. 
Papilio,  i.  357 ;  ii.  486. 
PapUlra,  ii.  378,  394. 
Par  Tagum,  ii.  549. 
Parakeet,  ii.  131. 
Parallajt,  aberration  of,  ii.  472. 
PajTOt,  ii.  179,  391. 
Pastem,  i.  517. 
Patella,  i.  228;  ii.  220,551. 
Pateltaofknee,  i.  406. 
Patettaria,  ii,  46. 
Pannch,ii.  195. 
Peari,  i.  232. 
Peocari,  ii.  193. 
Pediculua,  i.  297. 
Pelican,  i.  556;  ii.  178. 
Pel™,  i.  404. 
P&uA  of  rays,  ii.  453. 
Penguin,  i.  592, 
Penitentiary,  ii.  189. 
Pennatula,  i,  174;  ii.  83. 
Penaifonn  muacle,  i,  133. 
Pentacriniu,  i.  212. 
Perca,  i.  116,  433;   ii.  306, 

410,495,557. 
Perception,  i.  36  ;  ii.  372,  508. 
Perch  (See  Perca). 
Perennibranchta,  ii.  324. 
Perilymph,  ii.  427. 
Periostracum,  i.  237. 


Perislaltic  motion,  ii.  204. 
Peron,  l  97  ;  ii,  72. 
Pfaf,  ii.  338, 
Phalanges  i.  405, 
Phalena,  ii.  244,  486. 
Phanen^mons  plants,  ii.  595. 
Phantasmagoria,  ii.  333, 
Phantaamascope,  ii.  524. 
Phaseolus,  ii.  52. 
Phenakisticope,  ii.  524. 
Philip,  ii.  190,  360. 
Phoca,  i.  487. 
Pholas,  i.  220,  256, 
~       '  of  the  sea. 


Phrenology,  ii.  565. 
Phyllosoma,  ii.  644. 
Physalia,  i.  196. 
Physiology,  i.  21 . 
I^yssopboiB,  i.  197. 
Phytozoa,  i.  146. 
Pierard,  ii.  200. 
Pigeon,  ii.  179,  616. 
Pignentum  of  ^in,  i.  1 12. 
Pigrnentum  of  the  eye,  ii.  462. 
Pike,  i  427. 
Pileopeis,  i.  352. 
Pineal  gland,  ii.  560. 
Pinna,  i.  224,  235. 
Pistil,  ii.  596. 
PHh  of  plants,  i.  S5. 
Pith  of  quill,  i.  580. 
Placuna,  i.  233. 
Planaria,  ii.    114,  836,   350 

294,  479,  586. 
Planorbis,  i.  227,  242, 
Plantigrada,  i.  533. 
Plastron,  i.  463. 
Pleurobrandius,  ii.  320. 
Pleurooectes,  i  431 ;  ii.  503. 
Plexm,  nervoMs,  ii.  359. 
Pliny,  ii.  559. 
Plumula,  ii.  603. 
Plumularia,  ii.  334. 
Pneumo-brancfaife,  ii.  3lfi. 
Pneumo-gastj-ic  nerve,  ii.  549. 
Podura,  i,  297» 
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PoUera,  i.  353. 

Poison  of  nettle,  ii.  47. 

Poli,  l  227,  235. 

PolleD,  ii.  596. 

PolygutiicB,  ii.  97. 

Polypi,  i.  Ifiljii.  74.81,293, 

383. 
Polystoma,  ii.  113. 
Polythalamoiu  ihell,  i.  265. 
Pontia  brusica,  i.  354. 
PoDtobdella,  i.  271. 
Poppy,  ii.  46. 
Porcupia«  quilli,  i.  120. 
Porcupiiie,  i.  527;  ii.  149,  193. 
Portfera,  i.  147. 
Porpita,  i.  195. 
Porpus,  ii.  142, 193. 
Porterfield,  i.  374. 
Potatoe,  ii.  589. 
PrehcDWonoffood.ii.  113,117. 
Priettley,  ii.  29,  336,  338. 
Priatia,  i.  56;  ii.  166. 
Pritchard,  ii.  241. 
Priret  Hawk  moth,  ii.  218. 
Proboacia  orinaecta,  ii.  114. 
Proboacia  of  DioUuaca,  ii.  I2R. 
Proboacia  of  Bephant,  i.  520. 
Progreaaive  motion,  i.  144. 
Prolega,  i.  313. 
Promontory  of  ear,  ii,  425. 
Protens,  i.  187;  ii.  324,632. 
Prothonot,  i.  323. 
Pnmt,  ii.  37,41. 
Pnmenfal,  ii.  308. 
Proximate  principles,  ii.  6. 
Pt«roceni,  i.  246. 
Pteropoda,  i.  257. 
Pteropua,  ii.  136. 
Pubic  bone,  i.  405. 
Pntmonary  organs,  ii.  267. 
Puncta  lacTvmalia,  ii.  468. 
Punctum  aaliena,  ii.  607. 
Pupa,  i.  304,  307. 
Pupil,  ii.  463. 
Pupipara,  ii.  483. 
Pyloric  appendicea,  ii.  221. 
Pylorua,  ii.  107,  182. 


Pynmidalia  muacle,  ii.  501. 
Python,  i.  447. 

Quadratua  muacle,  ii.  500. 
Quadnimana,  i.  533 ;  ii.  149. 
Quadnipeda.  i.  487. 
Qua^a,  i.  516. 
Quail,  i.  582. 

Quilla  of  porcupine,  i.  120. 
Quilla  of  leathen,  L  568. 
QKoy,  i.  97. 

Rabbit,  i.  497 ;  ii.  149. 190. 

Racoon,  i.  112, 

RadiiU,  i.  164. 

Radiclea,  ii.  603. 

Radius,  i.  405. 

Ranunculus,  i.  79. 

Rapp,  ii.  478. 

Rat,  ii.  148,  149,  192. 

Raihke,  ii.  634. 

Rattle-anake,  i.  450. 

Ray,  i.  11. 

Ray,  i.  420,  422,  423 ;  ii.  503, 

569. 
Rays  of  fins,  i.  424. 
Razor-shell- 6sh.  i.  222. 
Reaumur,   i.    199,  202,  227, 

237,292:  ii.  115,  170,  183. 
Receptacles  of  food,  ii.  178. 
Receptaculum   chyli,  ii.    108, 

228. 
Reed  of  ruminanta,  ii.  197. 
Refraction,  law  of,  ii.  453. 
Regeneration  of  clav,  i.  295. 
Rennet,  ii.  197. 
Reparation,  ii.  3,  9^  587. 
Repetition  of  orgatia,  i.  57. 
Reproduction,  i.  43;  ii.  581. 
Reptiles,  i.  435 ;  ii.  273. 
Resinous  secretions,  ii.  47. 
Respiration,!,  41 ;  ii.  11,265, 

290. 
Reteniuscotaro,  i.  112. 
Reticulated  cells,  i.  69. 
Reticule  of  Rumiuants,  ii.  195. 
Retina,  ii.  374,  448,  462. 
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Returning  sap,  ii.  36. 
ReTG^ation,  ii.  641. 
Reviviscence,  i.  62  ;  ii.  255. 
Rhea,  i.  586. 
.Rhinoceros,   i.   515;     ii.  135, 

151,382,392,504. 
Rbipiptera,  i.  350. 
RhizosUnnft,  ii.  87. 
Rbyncops,  ii.  132. 
Ribs,  i.  401 ;  ii.  32T. 
Ricinus,  i.  297. 
Rings  of  annelida,  i.  272. 
Rodentia,  i.  523  ;  ii.  1 48,  1 51 , 

162,  175,  191,  604. 
Easel,  ii.  478. 
Rogel,  ii.  9,  524,  532,  582. 
nolatuio,  ii.  613. 
Roosting,  i.  588. 
Roots,  i.  93  ;  ii.  20. 
Sois,  i.  16. 
Rostrum,  ii.  124. 
Rotifer,  i.  62,189;  ii.  92,479, 

539,  591. 
Roux,  ii.  569. 
Rudimeotal  org;ans,  i.  55;  Ii. 

632. 
Rudolphi,  i.  75. 
Ruwford,  i.  76. 
Ruminantia,  i.  499;   ii.    196, 

504. 
Ruiconi,  ii.  613. 

Sabella,  i.  277. 
Sacculus  of  ear,  ii.  430. 
Sacrum,  404. 
St.  Ange,  ii.  277. 
St.  Hilaire,  passim. 
Salamander,  i.  446;    ii.  128, 

498,  597. 
S^icaria,  ii.  54. 
Saline  substances  in  plants,  ii. 

43. 
Saliva,  ii.  175. 
Salmon,  ii.  222. 
Sand-bopper,  ii.  542. 
Sap,  ii.  24. 
Sauria,  i.  457;  ii.  276. 


Saw-fish,  ii.  166. 

Scala  tymnani  et  veetibuli,  ii. 

431. 
Scales  of  lepidoptera,  i,  354. 
Scales  of  fishes,  i.  116. 
Scansores,  i.  586  ;  ii.  554. 
Scapula,  i.  404. 
Scarabeeus,  ii.  486. 
Scarf  skin,  i.  112. 
Scarpa,  [.  101  ;  ii.  411,  430. 
Schaffer,  ii.  478. 
Schneiderian    membrane,   ii. 

399. 
Schullz,  ii.  49. 
Sciurus,  i.  550;  ii.  178, 
Sclerotica,  ii.  460. 
Scolopendra,  i.  298;   ii.  248, 

485. 
&ore«Ay,  i.  194. 
Scorpion,  ii.  315,  485. 
Scuta,  abdominal,  i.  453. 
Scutella,  i.  211. 
Scylltea,  i.  229. 
Sea,  phosphorescence  of,  i.  194; 

ii.  63. 
Sea-hare,  ii.  126.  168,  551. 
Sea-mouse,  ii.  102,  125,  298. 
Sea-otter,  ii.  149. 
Seal,  i.  487;  ii.  403,  442,506. 
Sebaceous  follicles,  i.  114. 
Secretion,  ii.  12,  45.  342. 
Seed,  ii.  593. 

Segments  of  insects,  i.'320. 
Semblis,  ii.  242. 
SemictTcular  canals,  ii.  427. 
Senecio,  ii.  53. 
Sennebier,  ii.  20,  29. 
Sensation,  ii.  362. 
Sensibility,  varietionsof,ii.  526. 
Sensitive  plant,  i.  127. 
Sensorial  power,  ii.  360. 
Sensorium,  ii.  508. 
Sepia,  i.  261  ;    ii.  126,  203,. 

413,  493. 
Seps,  i.  458. 


Serio  of  orginic  beingi,  i.  53. 
Senmi  membranes,  i.  10*2. 
SerpeoU,  i.  447 ;  ii.  139,  163, 

390. 
Serpula,  i.  277 ;  ii.  295. 
Serrei,  it.  609,  617. 
SertuUria,  i.  165;  ii.  234. 
Senun,  i.  103. 
Setamoid  bonea,  i.  406. 
Seue,  i.  274. 
Shark,  ii.  162,  205,  362,  49.5, 

569,  587,  596. 
Sbeep,  ii.  153,  194,  402. 
Shell,!.  111,230. 
Sheltopuaic,  i.  457. 
Skrapnell,  ii.  426. 
Shrew,  ii.  149,  391. 
Shuttle  booe,  i.  517. 
Silica,  ii.  18,  44. 
Silk  wonn,  i.  305 ;  ii.  69. 
Silunis,  ii.  307,  390. 
SinlMralebeiU,  i.  243. 
Siphonaria.  i.  252. 
Sifen,  i.  457;  ii.  324. 
Skate,  ii.  303,410,  4%5. 
Skeleton,  i.  365,  386. 
Skeltton,  TeeeuU^  i.  95;  ii. 

43. 


:.  ii.  132. 
Skin,  ii.  377. 
Skull  (lee  Cnniiiin). 
Stack,  i.  66. 
Sleep,  ii.  536. 

Slipe,  propagation  by,  ii.  585. 
Stoth. !.  481 ,  498, 524 ;  ii.  284. 
Slug,  ii.  126,  317. 
Smell,  U.  396. 
Smith,  ii.  166. 
Snail,  ii.  317,  413,587. 
Snake-lizard,  i.  448. 
Snout,  i.  521. 
Snow,  red,  i.  16. 
SoeMmerriBg,  ii.  575. 
Soils,  rerti%  of,  ii.  18. 
Solar  light,  li.  31. 
Solen.  i.  322. 
Sotipeda,  i.  516. 
Solly,  ii,  354. 


S<»ex,ii.  135,443,505. 
Sound  in  fidws,  i.  429. 
Sound,  ii.  414. 
^taUoHzmi,  i.  62  ;  ii.  79.  V.O, 

183,  338,567,614. 
SpaUngui,  i.  205,  211. 
Spectra,  ocular,  ii.  525.  530 
Spectre  of  the  Brocken,  it.  5.1:t. 
Speed  of  qnodrupedi,  i.  4Wi. 
Spermaceti,  i.  484. 
Sf^ericai  aberratioti,  ii.  471. 
Sphincter  muicle,  i.  i36. 
Sf^iaz.ii.  217, -^4,  547. 
Spicula,  in  sponge,  i.  154. 
Spider,  i.  282,  -^84  ;  ii.  348. 
Spider-crab,  ii.  545. 
Spider-monkey,  i.  399,  534. 
Spine,  i.  387,  392. 
Spinal  cord,  or  Spinal  mwruw, 

ii.  553,  604. 
Spiracles,  ii.  311. 
Spiral  threads  in  pUnts,  i.  6R. 
Spiral  vessels,  i.  73. 
Spiral  growth  of  planU,  i.  90. 
Spiral  valve  in  Ashes,  ii.  305. 
Spirits,  animal,  ii.  563. 
Spirula,  i.  343. 
^,  ii.  352. 
Spleen,  ii.  224. 
Splint  bone,  i.  517. 
Spokes,  cnrved  spectn  of,  ii. 

524. 
Sponge,  i.  147  ;  ii.  84. 
Spongiole,  i.  79 :  ii.  20,  31. 
Spotted  cells  of  plants,  i.  69. 
SpriDg-tail,  i.  297. 
Spur  of  cock,  i.  586. 
Squalus  (see  Shark). 
Squalus  pristis,  ii.  166. 
Squirrel,  i.  524,  550;  ii.  ITS. 
Subility  oT  trees,  i.  81. 
Stability  of  human  frame, i.54l. 
Stag,  skeleton  of,  i.  507. 
Stamen,  ii.  596. 
SUpe*,  ii.  426. 

Stor-fiifa,  i.  200  (see  A^terias). 
Starch,!.  70;  ii.  41. 
S/omrAhi,  ii.  531. 
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Stearine,  i.  123. 
Sleifentand,  ii.  482. 
Stems,  vegetable,  i.  81. 
Stemmata,  ii.  483. 
StentOT,  ii.  98. 
Sternum,  i.  402. 
StetwM,  ii.  183. 
StigmB,  vegetable,  ii.  596. 
Stigmata  of  ioKCti,  ii.311. 
Sting  of  bee,  i.  362. 
Stipnlte,  i.  94. 
Stomach,  ii.  72,  &c. 
StomataJ.  77;,ii.  19. 
Stones,  swallowing  of,  ii.  171. 
SUme-wort,  ii.  50. 
Stork,  i.  590. 
Stratiomys,  i.  310,  348. 
StraMS    Dvrckkeim,    i.    3O0, 

323 :  ii.  490. 
Strepsiptera,  i.  350. 
Striated  strnctures,  i.  232. 
Strombus,  i.  246 ;  ii.301. 
Styloid  bone,  i.  517. 
SubbracUeni,  i.  423. 
Suckers,].  136,260,332. 
Sugar,  ii.  6. 

San,  Bdion  of,  on  plants,  i.  91. 
Surrevor  caterpillars,  i.  315. 
Sub  £thiopicui,  ii.  161. 
Suture,  i.  381. 

i.  352 ;  ii.  413, 


Swan,  i.  559,  593;  ii.  169. 
Swimming  of  fishes,  i.-412. 
Swimming  bladder,  i.  429. 
Symmetry,  lateral,  i.  57;    ii. 

609. 
Sympathy,  ii.  576. 
Sympathy  of  uita,  ii.  389. 
Sympathetic  nerve,  ii.  368. 
Synovia,  i.  102. 
Syphon  of  aheUs,  i.  267. 
Systemic  circulatiou,  ii.  266. 

TabanuB,  i.  333;  ii.  115. 
IWpole,  i.  437 ;  ii.  222,  322, 
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Tsnia,  ii.  83,  1)4,236. 
Tail,  i.  398,  524, 531,  683:  ii. 

392,  634. 
Talitnis,  ii.  542. 
Tapetum,  ii.  505. 
Tapeworm,  ii.  83,  114,  236. 
Tapir,  i.  521  ;  ii.  392. 
Tarsus,  i.  288,  328,  330,  405. 
Taste,  ii.  393. 
Teeth,  ii.  140. 

T^ina  of  orthoptera,  i.  849. 
Telegraphic  eyea,  ii.  493. 
Tellina,  i.  224. 
Temperature,  animal,  ii-  340. 
Tendons,  i.  106,134. 
Tendrils,  i.  94. 

Tentacnla,!.  161,1711  u.383. 
Terebella,  I  277,  278. 
Terebra,  i.  249. 
Teredo,  1.235;  ii.  295. 
Testacella,  ii.  317. 
Testudo,  i.  470 ;  ii.  557 
Tetrodon,  i.  420, 433. 
Textures,  vegeUble,  i.  66. 
Textures,  animal,  ii.  97. 
Tbetia,  il  296. 
Thoracic  duct,  ii.  108, 228. 
Thorax,  i.  323;  ii.  325. 
ThoniB,  i.  94. 
Thought,  ii.  517. 
Threads,  elastic,  ID  planU,i.68. 
Tibia,  i.  328,  330,  405. 
Tick,  i.  297. 
Tiedemann.  ii.  235. 
Tiger,  i.  496;   ii.  136,   145, 

146,  392. 
Tipula,  i.  331. 
Tone,  musical,  ii.  419. 
Tongue  of  insects,  ii.  124. 
Tongue,  strawberry,  ii.  394. 
Torpedo,  i.  31;  ii..572. 
Tortoise,  i.  463  ;  iu  499. 
Tortryx,  i.  447,  448. 
Toucan,  ii.  131,330. 
Touch,  ii.  377,  534. 
Tracbeee   of  animals,  ii.  293, 

310. 


Trechett  of  plants,  i.  73. 
IVadeM^antia,  ii.  51. 
Trapeziua  muscle,  i.  135. 
Tremble^,  i.  177  ;  ii.  79,  478. 
Treviranua,  i.  73,  75 ;  ii.  569. 
Trichechni,  i.  487. 
Ttichoda,  ii.  97. 
Trigia,  ii.  554. 
Trionyx,  i.  475. 
Triatoma,ii.  113. 
Triton,  i.  252,  446. 
Tritonia,  ii.  296. 
TrituratioD  of  food,  internal,  ii. 

167. 
Trochanter,  i.  328. 
Trochiln»,  ii.  117. 
Trophi,  ii.  121. 
Trot,  actions  in,  i.  494. 
Trank-fiih,  i.  432. 
Tnink  of  ele[Aant,  i.  520. 
TuberoM  roots,  ii.  589. 
Tubicolse,  i.  277. 
Tubipora,i.  165. 
Tubulana,  ii.  233. 
Turbinated  ah«llB,i.  216. 
Turbinated  bones,  ii.  400. 
Turkey,  ii.  173,440. 
Tunitella,  i.  249. 
Tnrtle,  i.463;  ii.  202,  657. 
Tu^B,  ii.  141. 
Tympanum,  ii.  422. 
Type,  i.  48;  ii.  627. 
Typhlops,  i.  447. 

Utna,  i.  405. 
Ungual  bone,  i.  405. 
Uniobatava,  i.  217. 
Unity  of  design,  ii.  625. 
UranoBCopus,  ii.  503. 
Urceolaria,  i.  187. 
Urchin,  sea.     See  Echinus. 
Utricle  of  labyrinth,  ii.  430. 
Uvea,  ii.  463. 

Valves,  i.3l,104:ii.  260, 288. 
Vampire  bat,  it.  117. 
Van  Helmont,  ii.  16. 


Vane  of  feather,  i.  568. 
Variety,  law  of,  i.  11,  48;  ii. 

626. 
Varley,  ii.  254. 
Vascular  circulabon,  ii.  235. 
Vascular  plexus,  ii.  377. 
Vauqwlin,  ii.  229,  336. 
Vegetable  kingdom,  i.  14,40. 
Vegetable  organization,  i.  65. 
VegeUble  autritton,  ii..l&. 
Veins,  i.  41 :  ii.  108- 
Velella,  i.  195. 
Velocity  of  fishes,  i.  434. 
Velvet  coat  of  antler,  i.  510. 
Vena  cava,  ii.  263. 
Ventricle  of  heart,  ii.  108.259. 
Ventricles  of  brain,  ii.  556. 
Veretillum,  ii.  82,  478. 
Vertebra,  i.  387  :  ii.  604. 
VertebraU,  i.  361. 
VerticiUated    arrai^en>eiit,   i- 

90. 
Vesicles  of  plants, '%.  66. 
Vespertilio,   i.  5S\ ;    u.  136, 

667. 
Vessels  of  plants,  L  7 1 . 
Vemels  of  animab,  i.  103 ;  ii. 

606,  6!3,  621. 
Vestibule  of  ear,  ii.  427. 
Vibrations,  ii.  563. 
Vibrio,  i.  63,  186. 
Vicq  d'Azyr,  i.  190. 
Villi,  ii.  347. 
Viper,  i.  447;   ii.  597. 
Vision,  ii.  444. 
Vision,  erect,  ii.  521. 
Visual  perceptions,  ii.  520. 
Vjtalfunctions,  i.  38;  ii.  1,69. 
Vital  organs,  ii.  354. 
Vitality,  i.  20. 
Vitreous  humour,  ii.  462. 
Vitreous  shelli,  i.  236. 
Viviparous    n^noduction,    ii. 

598. 
Voice,  ii.  444. 
Voltaic  battery  of  torpedo,  ii- 

.')72. 
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Voluntary  motion,   i.  37;   ii. 

534. 
Volute,  i.  248 ;  ii.  126,  482. 
Volvoi,  i.  186,  188;  11.591. 
Voracity  of  hydra,  ii,  77, 
Vorticd&a,  i.  62,  182;  ii.  97, 

584. 
Vultuie,  ii.  180,  406. 

Wading  birds,  i.  585,  592. 
Walking,  i.  492,  542. 
Waller,  ii.  134. 
Walrus,  i.  487;  ii.  141. 
Warfare,  animf^,  i.  46 ;  ii.  67. 
Warm-blooded  circulation,  ii. 

278. 
Water  not  the  food  of  plants, 

ii.  16. 
Water-beetle  (see  Dytiscus). 
Water-boatman,  i.  29,  337. 
Was,  v^table,  ii.  48. 
Web-footed  birds,  i.  592. 
Weber,  a.  430,  480. 
Whale,  i.   55;   ii.   178,  443, 

504,  559. 
Whalebone,  u.  136. 
Wheel  animalcule,  L  189. 
Wheel  spokes,  spectre  of,  ii. 

524. 


Whelk  (see 
Whiskers,  ij.  392. 
WhorU  of  plants,  i.  90. 
Whorls  of  shells,  i.  243. 
Willow,  i.  79. 
Wings,  i,  344,  567. 
Winged  insects,  i.  299. 
Witiiers,  i.  518. 
Wolf-6sh,  ii.  128. 
WolUuton,  i.92;  ii.  55,491, 

571. 
Wombat,  i.  527. 
Woodkofue,  ii.  30. 
Woodpecker,  ii.  132. 
Woody  abres,  i.  71,  75, 
Worms  (see  Annelida  and  Bn- 

tozoa). 

YaTTetl,».  131. 
Yming,  ii.  474,  475. 

Zebra,  i.  516. 
Zemni,  ii.  506. 
ZoanthuB,  i.  162,  182. 
Zoocarpia,  i.  156. 
Zoophytes,   i.    146;    ii.   477, 

537, 
Zostira,  ii.  202, 
Zygodactyli,  i,  586. 
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